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From  the  birth 
Of  human  kind,  the  sov’reign  Maker  said, 

That  not  in  humble,  nor  in  brief  delight, 

Not  in  the  fleeting-  echoes  of  renown, 

Power’s  purple  robes,  nor  Pleasure’s  flowery  lap, 

The  soul  should  find  contentment;  but,  from  these 
Turning  disdainful  to  an  equal  good. 

Through  Nature’s  opening  walks  enlarge  her  aim, 

Till  every  bound  at  length  should  disappear, 

And  Infinite  Perfection  fill  the  scene. 

Akenside. 
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DESCRIPTION 


OF  THE 

ENGRAVINGS  IN  PART  II. 
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GENERAL  ORDER  OF  STRATA AND  SECTION 
OF  THE  BROCKEN  MOUNTAIN. 

These  two  engravings  afford  a  clear  notion  of  the  general 
order  of  the  rocks  and  strata  which  compose  the  surface  of 
the  earth. — The  granite  is  the  lowest  or  central  formation  ; 
but,  in  the  structure  of  mountains,  it  is  the  highest,  or  the 
centre  and  nucleus,  buttress  or  bulwark  of  the  mountain,  the 
other  rocks  and  strata  lying  obliquely  against  and  upon  it. 
This  would  be  intelligible  if  we  were  to  consider  the  moon  as 
formed  entirely  of  granite,  and  that  the  earth  was  once  like 
the  moon,  the  surface  being  irregularly  formed  like  that  of 
the  moon  :  some  successive  causes,  about  which  various 
hypotheses  have  been  raised  by  speculative  men,  have  then 
produced  the  upper  layers  or  strata,  till  we  arrive  at  the 
most  recent  or  uppermost  stratum,  called  alluvium ,  which, 
according  as  the  subdivisions  and  mode  of  numbering,  may 
be  considered  as  No.  1  or  No.  17  in  the  two  plates. 

STRATA  OF  HEADEN  HILL,  ISLE  OF  WIGHT. 

This  hill,  and  its  neighbouring  parts  on  the  right,  exhibit 
a  striking,  but  not  uncommon,  instance  of  the  revolutions  to 
which  the  materials  of  the  earth’s  surface  have  been  subject. 
The  hill  itself  is  composed  of  strata  in  the  natural  horizontal 
position ;  but  the  cliffs  to  the  right  in  Allum  Bay,  though 
composed  of  similar  strata,  present  them  in  a  perpendicular 
direction,  although  like  the  others. 

V  on  the  extreme  light  consists  of  yellow  and  white  sand  with 
grey  stripes. 

W  is  formed  of  five  beds  of  coal. 

X  is  whitish  sand,  with  stripes  of  deep  yellow. 

Z  consists  of  layers  of  water-worn  black  Hint  pebbles,  im¬ 
bedded  in  yellow  sand. 


Vlll.  description  of  the  engravings  IN  PART  I  x . 

B  is  a  stratum  of  blackish  clay,  containing  green  earth  and 
fossil  shells,  worn  down  towards  C  by  a  stream  of  fresh  water. 

C  consists  of  yellowish  sand  inclined  45  degrees. 

D  is  also  inclined  when  it  is  in  contact  with  C,  but  afterwards 
stretches  horizontally  and  forms  a  sandy  base  to  the  incumbent 
bill. 

The  whole  have  evidently  been  formed  at  the  bottom  of 
the  ocean.  The  strata  in  the  hill  are  indicated  in  the  plate  ; 
but  in  the  middle  are  three  beds  of  coal,  palpably  of  vegeta¬ 
ble  origin,  as  fruits  and  branches  are  still  observed  in  it. 

CURVED  GNEISS  IN  LEWIS. 

This  remarkable  specimen  of  gneiss  in  a  curved  state,  copied 
from  Dr.  M‘Culloch’s  work  on  the  Hebrides,  proves  that  it 
must  once  have  been  elastic ;  while  the  characters  of  this  and 
other  primitive  mountains  demonstrate  that  the  change  must 
have  been  produced  by  fire,  previously  to  the  formation  of 
the  secondary  rocks. 

Gneiss  is  the  rock  in  which  metals  most  abound,  and  is 
itself  a  compound  of  felspar,  quartz,  and  mica,  and  of  a 
slaty  character,  as  is  evident  from  the  terminations  of  this 
enormous  specimen.  It  would  seem  as  though  the  action 
of  water  had  in  certain  places  carried  off  the  alluvion,  and 
left  the  primitive  rocks  bare;  and  that  this  specimen  of 
gneiss  must  in  some  remote  age  have  been  covered  with 
other  strata. 

SECTION  OF  THE  LAND  FROM  DONCASTER 
TO  MACCLESFIELD;  AND  ALSO  FROM  NEW¬ 
CASTLE  TO  LONDON. 

The  writing  upon  this  plate  sufficiently  explains  the  sub¬ 
jects.  The  first  correct  notions  in  regard  to  the  successive 
battening  or  rising  of  different  strata,  by  which  a  surface  of 
country  exhibits  so  regular  a  diversity  of  soils,  were  promul¬ 
gated  by  Mr.  W.  Smith,  and  published  in  his  geological 
map  of  England.  These  examples  are  copied  from  originals 
obligingly  contributed  to  the  editor  for  the  use  of  this  work. 
It  would  appear  that  the  inclination  of  some  primitive 
mountain  has  served  as  a  basis  to  these  strata,  and  governed 
iheir  inclinations,  and  that  they  have  been  laid  one  over  the 
other  against  the  mountain  by  successive  actions  of  the  sea. 
To  avoid  confusion,  the  angles  of  the  strata,  as  they  rise  to 
the  surface,  are,  however,  considerably  too  large.  One 
great  use  of  this  knowledge  is  the  certainty  which  it  affords 
that,  by  digging  to  a  certain  depth,  we  shall  arrive  at  certain 
desired  strata. 
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THE  GREAT  ERUPTION  OF  VESUVIUS  OF  1767. 

This  splendid  engraving,  perhaps  the  most  effective  which 
ever  represented  this  great  phenomenon  of  nature,  was  pub¬ 
lished  by  SirW.  Hamilton  in  the  Philosophical  Transactions. 
It  represents  the  eruption  of  1767,  and  the  burning  lava  is 
seen  rolling  down  the  sides  of  the  cone  and  the  adjacent 
mountain  towards  cultivated  and  inhabited  districts.  This 
eruption  is  reckoned  the  27th  since  that  which  destroyed  the 
cities  of  Herculaneum  and  Pompeii,  in  the  reign  of  the  em¬ 
peror  Titus. 

COLUMN  OF  SMOKE  FROM  VESUVIUS  IN  1794, 

This  representation  of  a  wonderful  phenomenon  was  also 
published  by  Sir  William  Hamilton,  in  the  Philosophical 
Transactions.  It  was  determined  by  observation  that  the 
column  of  dense  black  smoke  on  this  occasion  ascended  to 
the  height  of  nearly  thirty  miles,  darkening  all  the  atmosphere 
behind  it.  Indeed,  its  ascent  was  so  great  that  it  seems  to 
falsify  the  common  theories  in  regard  to  the  increased  rarity 
of  the  atmosphere,  which  must  at  any  rate  have  been  greater 
than  that  of  the  smoke,  to  hold  it  in  suspension ;  the  smoke, 
being  a  conductor  of  electricity,  evidently  connected  the 
electrified  strata  of  the  atmosphere,  and  hence  lightning 
took  place  within  the  mass.  On  this  occasion  scoriee  were 
projected  or  carried  by  the  wind  to  the  distance  of  two  hun¬ 
dred  miles,  and  scattered  overthe  country  in  the  intermediate 
space.  Nothing  can  give  a  more  correct  notion  of  the  sub¬ 
lime  character  of  a  volcano  than  this  engraving  and  the 
other  which  precedes  it. 

VESUVIUS  AFTER  THE  ERUPTION  OF  1794. 

This  is  an  accurate  engraving,  from  a  drawing  made  under 
the  direction  of  Sir  William  Hamilton,  of  the  actual  appear¬ 
ance  of  the  crater  after  the  eruption  of  1794. 

SMALL  VIEW  OF  THE  ERUPTION  OF  1794. 

This  engraving  is  also  copied  from  Sir  William  Hamilton, 
and  conveys  a  picturesque  idea  of  the  eruptions  of  this 
mountain  as  viewed  across  the  bay  of  Naples. 

INTERIOR  OF  THE  CRATER  OF  VESUVIUS. 

A  View  of  the  interior  of  the  crater,  as  drawn  on  the  spot 
after  the  eruption  of  1805. 
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X.  DESCRIPTION  OF  THE  ENGRAVINGS  IN  PART  II. 

VIEWS  OF  ETNA. 

Mount  Etna,  as  taken  by  modern  observations,  is  11,000 
feet  high,  though  M.  Gourbillon,  a  scientific  traveller,  asserts 
that  it  is  double  that  height;  but  probably  he  meant  the 
hvpothenuse  and  not  the  perpendicular  height.  The  crater 
is^a  vast  aperture,  having  four  summits  of  different  heights, 
and  is  more  than  a  mile  in  width,  and  about  four  miles  in 
circumference.  It  is  divided  into  two  craters,  by  a  cone 
rising  from  its  centre,  and  a  small  one  which  has  probably 
been  formed  within  a  recent  period,  from  whence  smoke  in 
great  quantities  constantly  issues. 

Although  no  great  eruption  has  taken  place  at  Etna  for 
many  years,  yet  its  internal  fires  are  not  extinguished,  and 
indicate  great  activity,  causing  concussions  which  have  from 
time  to  time  alarmed  the  inhabitants  of  Catania,  and  even 
overthrown  some  houses. 

One  of  the  views  of  the  crater  was  recently  taken  by  M. 
Montale  ;  the  other  is  from  Sir  Wm.  Hamilton  ;  and  another 
is  from  Brydone.  We  have  multiplied  them  because  the 
craters  of  volcanoes  are  objects  ox  the  highest  mundane 
curiosity,  and  their  changeable  character  renders  different 
views  necessary.  All  volcanoes  appear  to  agree  in  having 
a  large  crater  or  cauldron  of  melted  lava  in  the  middle,  with 
one  or  more  orifices,  round  which  accumulate  a  cone  of 
ashes  and  lava;  these  we  have  variously  depicted.  Some 
travellers  have  paid  the  forfeit  of  their  lives  by  the  indulgence 
of  their  rash  curiosity  in  seeking  a  peep  into  these  gulphs  of 
smoke  and  sulphur. 

All  they  have  been  able  to  effect  has  been  to  describe  the 
heat  of  the  ground,  the  scorching  of  their  boots,  and  the 
horrible  desolation  of  the  scene.  Dr.  Watson  imitated  them 
by  burying  a  paste  made  of  watei,  sulphur,  and  non  filings, 
and  hence  it  has  been  supposed  that  the  sea  communicates 
with  such  materials  in  the  bowels  of  Etna  and  Vesuvius. 
This  hypothesis  does  not  accord,  however,  with  positions  of 
the  South  American  volcanoes,  unless  we  are  to  suppose 
that  the  accumulated  snow  effects  the  same  purpose  as  the 
sea  in  other  cases.  The  earthquakes  produced  through  the 
adjoining  country  during  eruptions  appear  to  prove  that  the 
explosions  are  deeply  seated  ;  but  it  continues  to  be  a  ques¬ 
tion  whether  they  reach  below  the  granitic  formation;  if 
they  do  so,  their  depth  may  exceed  what  has  hitherto  been 

imagined. 
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A  VIEW  OF  THE  CRATER  OF  ETNA, 

M.  Gourbillon,  the  last  traveller  who  has  published  a  de¬ 
scription,  states  that  the  main  gulph  includes  four  distinct 
abysses  or  craters:  the  south  crater  (extinct);  the  eastern, 
or  great  crater ;  the  northern  crater ;  and  the  western  crater, 
the  nearest  to  the  centre  of  the  gulph.  Besides  the  bank 
round  the  gulph,  each  crater  has  its  own  bank.  The  eastern 
crater  is  as  large  as  that  of  Vesuvius,  being  above  a  mile 
round.  Some  pieces  of  lava  were  thrown  down  it,  which 
sounded  after  a  few  seconds.  M.  G.  descended  200  feet 
into  the  *  eastern  crater,  and  with  difficulty  avoided  falling 
into  its  abyss.  The  interior  is  covered  with  very  fine,  light, 
grey  sand.  From  the  northern  crater  smoke  arose,  and  the 
heat  was  overpowering.  The  western  crater  is  too  danger¬ 
ous  for  descent,  and  great  noises  are  heard  within  it.  A 
new  crater  was  formed  in  1819,  which  burnt  with  great  fury 
during  that  year. 

VOLCANO  OF  STROMBOLI. 

This  is  one  of  the  Lipari  Isles,  lying  north  of  Sicily.  It 
is  a  mountain  with  two  summits  :  the  highest  is  about  a  mile 
high.  The  burning  crater  is  about  half-way  up,  on  the 
NW.  side  of  the  mountain,  and  has  a  diameter  of  250  feet. 
Burning  stones  are  thrown  up,  at  intervals  of  seven  or  eight 
minutes,  ascending  in  diverging  rays.  The  present  crater 
has  burned  more  than  a  century,  without  any  apparent 
change  of  phenomena. 

HECLA. 

Hecia,  one  of  the  most  active  volcanos  now  known,  as 
well  as  the  most  northern,  is  situated  in  a  very  desolate 
region  of  the  earth ;  the  approach  to  it  is  so  impracticable 
that  few  travellers  have  had  the  hardihood  to  make  the  at¬ 
tempt.  The  engraving  conveys  some  idea  of  the  ruggedness 
of  the  district. 

The  cone  of  the  mountain  is  5000  feet  above  the  level  of 
the  sea,  by  which  the  base  is  washed.  The  accumulated 
ice  at  its  foot,  and  the  noise  which  its  crashing  creates, 
united  to  the  roaring  of  the  mountain,  lead  the  supersti¬ 
tious  among  the  northern  nations  to  regard  Hecia  as  the 
mouth  of  Hell ;  and  English  seamen  have  been  known  to 
become  the  dupes  of  such  fancies. 

MARINE  VOLCANO  AT  ST.  MICHAEL’S. 

Approaching  the  island  of  St.  Michael's,  (says  Capt.  Tillard,) 
on  Sunday,  the  12th  of  June,  1811,  in  the  sloop  Sabrina,  we  oc- 
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casionally  observed,  rising  in  the  horizon,  two  or  three  columns 
of  smoke.  Imagine  an  immense  body  of  smoke  rising  from  the 
sea,  the  surface  of  which  was  marked  by  the  silvery  rippling  of 
the  waves,  occasioned  by  the  light  and  stead)  breezes  incidental 
to  tl  lose  climates  in  summer.  In  a  quiescent  state,  it  had  the 
appearance  of  a  circular  cloud,  revolving  on  the  water  like  an 
horizontal  wheel,  in  various  and  irregular  involutions,  expand¬ 
ing  itself  gradually  on  the  lee-side  ;  when  suddenly  a  column  of 
tiie  blackest  cinders,  ashes,  and  stones,  would  shoot  up  in  the 
form  of  a  spire,  at  an  angle  of  from  ten  to  twenty  degrees  from 
a  perpendicular  line,  the  angle  of  inclination  being  universally 
to  windward;  this  was  rapidly  succeeded  by  a  second,  third, 
and  fourth  shower,  each  acquiring  greater  velocity,  and  over¬ 
topping  the  other,  till  they  had  attained  an  altitude  as  much 
above  the  level  of  our  eye,  as  the  sea  was  below  it.  As  the  im¬ 
petus,  with  which  the  columns  were  severally  propelled,  dimi¬ 
nished,  and  their  ascending  motion  had  nearly  ceased,  they 
broke  into  various  branches,  resembling  a  groupe  of  pines! — - 
These  again,  forming  themselves  into  festoons  of  white  feathery 
smoke,  in  the  most  fanciful  manner  imaginable,  intermixed 
with  the  finest  particles  of  falling  ashes,  which  at  one  time  as¬ 
sumed  the  appearance  of  innumerable  plumes  of  flack  and 
white  ostrich  feathers  surmounting  each  other;  at  another,  that 
of  the  light  wavy  branches  of  a  weeping  widow.  During  these 
bursts,  the  most  vivid  Hashes  of  lightning  continually  issued  from 
the  densest  part  of  the  volcano ;  and  the  cloud  of  smoke,  now 
ascending  to  an  altitude  much  above  the  highest  point  to  which 
the  ashes  were  projected,  rolled  off  in  large  masses  of  fleecy 
clouds,  gradually  expanding  themselves  before  the  wind,  in  a 
direction  nearly  horizontal,  and  drawing  up  to  them  a  quantity 
of  water-spouts,  which  formed  a  most  beautiful  and  striking- 
addition  to  the  general  appearance  of  the  scene.  In  less  than 
half  an  hour  a  peak  was  plainly  visible  above  the  water;  and, 
about  three  hours  from  the  time  of  our  arrival,  a  complete  crater 
was  formed  above  the  water,  not  less  than  twenty  feet  high  on 
the  side  where  the  greatest  quantity  of  ashes  fell ;  the  diameter 
of  the  crater  being  apparently  about  400  or  500  feet.  The  great 
eruptions  were  generally  attended  with  a  noise  like  the  conti¬ 
nued  firing  of  cannon  and  musketry  intermixed,  as  also  w  ith 
slight  shocks  of  earthquakes.  Now  one  of  the  most  magnificent 
bursts  took  place  which  we  had  yet  witnessed,  accompanied  by 
a  very  severe  shock  of  an  earthquake.  In  an  instant  we  ob¬ 
served  a  large  portion  of  the  face  of  the  cliff,  about  fifty  yards  on 
our  left,  falling,  which  it  did  with  a  violent  crash.  At  night  the 
volcano  seldom  emitted  any  lightning,  but  occasionally  as  much 
flame  as  may  be  seen  to  issue  from  the  top  of  a  glass-house  or 
foundery  chimney.  On  passing  directly  under  the  great  cloud 
of  smoke,  about  three  or  four  miles  distant  from  the  volcano, 
the  decks  of  the  ship  were  covered  with  fine  black  ashes,  which 
fell  intermixed  with  small  rain.  On  opening  the  volcano  clear 
of  the  north-west  part  of  the  island,  after  dark,  on  the  16th,  we 
witnessed  one  or  two  eruptions.  On  the  4th  of  July  we  ap- 
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proached  the  volcano,  and  perceived  that  it  was  still  smoking 
in  many  parts;  and,  upon  our  reaching  the  island,  found  the 
surf  on  the  beach  very  high.  On  landing,  we  found  a  narrow 
beach  of  black  ashes,  from  which  the  side  of  the  island  rose  in 
general  too  steep  to  admit  of  our  ascending;  and,  where  we 
could  have  clambered  up,  the  mass  of  matter  was  much  too  hot 
to  allow  of  our  proceeding  more  than  a  few  yards  in  the  ascent 
The  most  extraordinary  part  was  the  crater ;  the  mouth  of  which, 
on  the  side  facing  St.  Michael’s,  was  nearly  level  with  the  sea. 
It  was  filled  with  water,  at  that  time  boiling,  and  wras  emptying 
itself  into  the  sea  by  a  small  stream  about  six  yards  over,  and 
by  which  I  should  suppose  it  was  continually  filled  again  at  high 
water.  The  island  has  gradually  disappeared  from  October 
1811,  leaving  an  extensive  shoal  on  the  spot ;  but  smoke  conti¬ 
nued  issuing  out  of  the  sea  through  February  1812. 

SUBTERRANEOUS  CONFLAGRATION  IN  JAPAN. 

The  engraving  conveys  some  idea  of  this  catastrophe.  1 . 
The  mountain  Asama.  2.  Kousats-yama,  where  the  fire 
commenced.  3.  A  post  which  marks  the  boundaries  of  the 
provinces  Sinano  and  Koutsouki.  4.  A  village  at  the  foot 
of  the  mountain,  but  ten  miles  distant  from  its  summit.  5. 
The  village  of  Orprake,  where  there  are  hot  springs.  6.  A 
mountain,  twenty  miles  from  Kousats-yama. 

In  September  1783,  dreadful  ravages  were  occasioned  by  the 
eruption  of  the  volcano  Asama-ga-daki,  says  M.  Titsing,  in 
his ‘curious  work  on  Japan.  At  eight  o’clock  one  morning, 
there  arose,  in  the  province  of  Sinano,  a  very  strong  east  wind, 
accompanied  by  a  dull  noise,  like  that  of  an  earthquake,  which 
increased  daily.  In  four  days  there  was  a  tremendous  noise, 
and  a  shock  of  an  earthquake  :  the  walls  of  the  houses  cracked, 
and  seemed  ready  to  tumble.  Each  successive  shock  was  more 
violent,  till  flames  burst  forth,  with  a  terrific  uproar,  from  the 
summit  of  the  mountain,  followed  by  a  tremendous  eruption  of 
sand  and  stones.  Though  it  was  broad  day,  every  thing  was  en¬ 
veloped  in  profound  darkness,  through  which  the  flames  alone 
threw  at  times  a  red  light.  For  three  days  the  mountain  never 
ceased  to  cast  up  sand  and  stones.  The  large  village  of  Saka¬ 
moto,  and  several  others,  situated  at  the  foot  of  the  volcano, 
were  soon  reduced  to  ashes,  by  the  ignited  matter  which  it  pro¬ 
jected,  and  by  the  flames  which  burst  from  the  earth.  The 
inhabitants  fled;  but  the  chasms,  everywhere  formed  by  the 
opening  of  the  ground,  prevented  their  escape,  and  in  a  moment 
a  great  number  of  persons  w  ere  swallowed  up  or  consumed  by 
the  flames.  The  water  of  the  rivers  Yoko-gawa  and  Carousawa 
boiled;  the  course  of  the  Yone  gawa,  one  of  the  largest  rivers 
of  Japan,  was  obstructed;  the  boiling  water  inundated  the  ad¬ 
jacent  country  ;  and  there  fell  a  shower  of  red-hot  stones,  each 
weighing  four  or  five  ounces.  The  bears,  hyaenas,  and  other 
beasts  of  prey,  fled  from  the  mountains,  and  flocked  to  the 
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neighbouring-  villages,  where  they  devoured  the  inhabitants,  or 
mangled  them  in  a  horrible  manner.  The  number  of  dead  bo¬ 
dies  floating  upon  the  rivers  was  incalculable.  Twenty-seven 
villages  were  swallowed  up. 

EARTHQUAKE  IN  CALABRIA. 

This  little  engraving,  copied  from  an  Italian  print,  repre¬ 
sents  the  extraordinary  overturning  of  several  fields  in  that 
country,  during  the  great  earthquake  in  1783.  They  were 
thrown  up  into  the  oblique  position  represented,  with  all 
their  trees  and  other  objects  upon  them,  exhibiting  their 
strata  to  a  considerable  depth.  This  accounts  for  faults  in 
strata,  and  such  appearances  as  at  Headon  Hill,  &c.  &c. 

SCALE  OF  THE  NEWCASTLE  STRATA. 

This  engraving  accurately  exhibits  the  successive  strata 
from  the  surface  of  the  earth  to  the  depth  of  135  fathoms  in 
the  Newcastle  coal  district.  It  indicates  the  progressive 
operations  which  have  taken  place  on  the  surface  of  the 
earth  at  intervals  of  distant  ages.  For,  as  there  seems  no 
doubt  that  the  coal  consists  of  forests  in  a  fossil  state,  so 
each  bed  of  coal  must  have  been  a  submerged  forest;  and 
the  intermediate  strata  washed  or  rolled  upon  them,  and 
formed  into  its  peculiar  character  by  chemical  combinations, 
and  exudations,  from  pressure,  and  lengthened  pressure. 

THE  LEINSTER  COLL  DISTRICT. 

This  engraving  will  convey  a  more  accurate  idea  of  the 
strata  of  the  earth  than  a  hundred  verbal  descriptions.  We 
are  indebted  for  it  to  the  interesting  and  scientific  work  of 
Mr.  Griffith.  The  characters  of  the  several  strata  are  indi¬ 
cated  by  the  lines  in  which  they  are  engraved,  as  may  be 
seen  in  the  scale  at  the  left-hand  corner.  The  mountain 
stands  on  a  basis  of  lime-stone,  distinguished  by  the  waving 
lines,  and  of  course  the  whole  of  the  upper  strata  have  been 
formed  since  the  lime-stone.  Immediately  above  t'he  lime¬ 
stone  is  a  stratum  of  black  slate-clay;  then  a  stratum  of 
sand-stone  from  25  to  50  feet  in  thickness  ;  then  another  of 
slate-clay ;  and  these  alternate  with  some  mixtures,  so  that 
in  the  mountain  there  are  no  less  than  16  beds  of  sand-stone 
and  11  of  slate-clay;  the  others  consisting,  as  may  be  ob¬ 
served,  of  seven  of  slaty  sand-stone,  of  two  of  fire-clay,  with 
one  of  coal  lying  over  it. 

But,  by  one  of  those  caprices  which  belong  to  all  forma¬ 
tions,  we  have  on  the  right  two  other  coal  formations,  also 
upon  fire-clay,  and  these  formations  appear  as  though  they 
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had  extended  higher,  and  joined  the  small  bed  of  coal  near 
Upper  Firoda.  The  regular  thickness  of  the  strata  in  this 
mountain,  the  uniformity  of  the  series  contrasted  with  the 
serpentine  directions  into  which  they  are  thrown,  and  the 
extraordinary  manner  in  which  they  are  discontinued  at  the 
surface,  as  evident  parts  of  continued  curves,  fill  the  mind 
with  unsatisfied  curiosity  in  regard  to  the  original  produc¬ 
tion,  and  the  cause  of  its  present  broken  condition. 

CRYSTALLIZATION. 

As  all  matter  must  consist  of  primeval  atoms,  so  these,  in 
combination,  must  assume  determinate  regular  forms.  If 
small  enough,  they  may  be  spherical,  and  yet  form  regular 
bodies,  as  triangles,  when  ten,  six,  or  three,  are  put 
together ;  when  one  is  put  upon  three,  a  tetrahedron ; 
and  six  would  form  an  octahedron ;  while  seven  would 
form  an  acute  rhomboid.  Hence,  all  compounded  forms, 
which  may  be  the  small  bodies  producing  sensible  pheno¬ 
mena,  may  consist  of  spherical  atoms,  provided  these  are 
sufficiently  small;  but,  as  such  atoms  would  require  cement, 
this  hypothesis,  for  which  Dr.  Wollaston  has  taken  credit, 
seems  to  be  necessarily  wrong.  Better  is  it  to  conceive 
with  Haiiy,  that  primary  atoms  are  in  three  different  forms, 
as  cubes,  tetrahedra,  and  prisms ;  which  three  compounded 
form  octahedra,  hexangular  prisms,  dodecahedrons,  and 
acute  rhomboids;  because  herein  we  have  that  union  of 
sides,  which,  when  packed,  are  not  easily  disturbed,  and 
exhibit  the  various  phenomena  of  cohesion.  Chemical 
action  is  then  easily  explained  by  the  application  of  heat, 
or  atomic  motion  in  any  form,  as  in  gases  or  fluids  ;  and 
then  the  introduction  of  an  agent  of  a  dissimilar  form  of 
atoms  necessarily  decomposes  any  mass  of  similar  shaped 
atoms.  Haiiy  illustrates  his  very  ingenious  theory,  by 
supposing  that  the*  six  secondary  forms  may  arise  from 
decrements  of  particles  on  different  edges  and  angles  of 
the  three  primitive  forms.  Thus,  if  a  cube  has  a  series  of 
decreasing  layers  upon  each  of  its  six  sides,  it  becomes  a 
dodecahedron,  as  in  fig.  1,  if  the  decrement  be  upon  the 
edges ;  but  an  octahedron,  if  upon  the  angles ;  while,  by 
varying  the  decrements  in  different  layers,  an  infinite  variety 
of  forms  may  be  produced,  as  in  fig.  1  and  2,  which  ,is 
ingenious  and  satisfactory.  The  nature  of  chemical  action, 
or  repulsion,  will  be  evident,  if,  within  such  a  mass  of  cubes 
as  fig.  1  or  2,  a  number  of  tetrahedra  were  introduced,  or 
made  to  insinuate  themselves  by  heat  or  atomic  motion 
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Of  course,  they  would  disturb  the  order  of  the  layers,  and 
decompose  the  whole  mass.  Fig.  3  and  4  exhibit  the 
chemical  and  mechanical  action  of  fluids  and  chemical 
agents  on  certain  solids,  in  some  ingenious  experiments 
made  by  Mr.  Daniell.  Many  analogies  support  the  idea 
of  three  primitive  forms  of  atoms,  such  as  the  three  prin¬ 
cipal  gases,  oxygen,  nitrogen,  and  hydrogen;  the  three 
colours,— red,  yellow,  and  violet;  and  the  three  primary 
tones  in  music;  while  their  combinations  produce  inter¬ 
mediate  varieties  of  phenomena. 

The  figures  in  Plate  I.  represent  the  regular  forms  which 
the  Abbe  Haiiy  considers,  and  with  apparent  justice,  as 
that  of  primoeval  atoms  which  constitute  the  basis  of  all 
solid  matter,  and  which  therefore  are  objects  of  the  highest 
curiosity,  in  a  philosophical  point  of  view.  One  of  the 
figures  shows  how  solids  may  consist  of  an  aggregation  of 
little  cubes,  producing  a  figure  in  large  similar  to  their  own. 

The  Second  Plate  exhibits  some  experiments  made  by  ap- 
plying  acids  to  solids,  which,  when  examined  by  the  micro¬ 
scope,  appear  to  be  separated  in  layers  and  regular  forms, 
and  not  in  the  irregular  manner  which  the  cursory  observa¬ 
tions  of  the  naked  eye  might  lead  us  to  imagine.  The 
figures  made  up  of  balls  are  given  in  support  of  the  hypo¬ 
thesis  of  Dr.  Wollaston,  who  considers  the  primary  atoms 
of  matter  as  spherical,  and  that  the  regular  forms  of  Haiiy 
are  necessary  results  of  the  primary  atoms  being  spheres. 
— The  idea  is  ingenious,  but  it  suits  the  construction  of 
fluids  better  than  that  of  solids,  and  seems  to  require  that 
the  density  of  all  solids  should  be  similar,  while  it  prevents 
the  cohesion  from  contact. 

THE  MOUNTAINS  ON  THE  EARTH. 

The  following  enumeration  serves  as  a  Key  to  the 
interesting  Engraving  of  the  principal  Mountains,  kc. 
throughout  the  world : 

WESTERN  HEMISPHERE. 

Explanation  of  the  Figures  and  Letters. 

Figures.  Mountains,  &c.  Lat,  Country. 

1.  Town  of  Leon  de  Caraecas  10*°N.  S.  America. 

2.  The  Intendency  of  Mexico,  and 

parts  of  the  adjoining  pro¬ 
vinces,  lying  on  the  high  table 
land  of  New  Spain  19|  N.  New  Spain. 

3.  Town  of  ftiobamba  Pern. 


Feet 
above 
the  sea. 

3,4% 


7,500 

11,671 
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4.  The  lake  of  Toluca  19^  N.  Mexico.  12,195 

5.  Popocatepetl,  the  highestmoun- 

tain  in  Mexico,  a  volcano  18|  N.  Mexico.  17,729 

6.  Chimborazo,  the  highest  peak  of 

the  Andes  1|  S.  Quito.  21,440 

***  In  the  text  Humboldt  speaks  of  3000  yards — 
but  he  means  from  the  elevated  plain  on  which 
the  cone  is  situated. 


7.  Cotopaxi,  a  volcano  in  the  An¬ 
des,  remarkable  for  the  fre¬ 
quency  and  violence  of  its 


eruptions 

Quito. 

18,898 

8. 

Cajambe,  a  peak  of  the  Andes 

Quito. 

19,480 

9. 

Antisana,  a  volcanic  summit  of 

the  Andes 

Quito. 

19,150 

10. 

Tonguaragua,  a  volcano 

Quito. 

16,270 

11. 

Real  del  Monte,  amine  194  N. 

Mexico. 

9,125 

12. 

Cotocatche,  a  peak  of  the  Andes 

if  s. 

Quito. 

16,450 

13. 

Imbabura,  a  volcano,  which  fre¬ 

quently  ejects  fish 

1  s. 

Quito. 

8,900 

14. 

Mount  St.  Elias,  the  highest 

mountain  in  North  America  6O3  N. 

N.  W.  Coast 

18,090 

15. 

Height  of  Assuay,  the  ancient 

Peruvian  road 

15,540 

16. 

The  city  of  Quito 

0|  s. 

Quito. 

9,630 

17. 

Peaks  of  the  Rocky  mountains 

N.  America. 

6,250 

18.  The  Farm  House  of  Antisana,  the  highest  inhabited  place 

on  the  surface  of  the  globe.  It  is  elevated,  according  to 
Humboldt,  3,800  feet  above  the  plains  of  Quito  13,500 

19.  Pambomarca,  a  summit  of  the 

Andes  0^  S.  Quito.  13,500 

20.  Jorullo,  a  volcano  19  N.  Mexico.  4,265 

21.  La  Souffriere,  a  volcano  Guadaloupe.  5,500 

22.  The  north  peak  of  the  Blue 

mountains  in  Jamaica  13  N.  W.  Indies.  8,180 

23.  The  height  attained  by  Humboldt  and  Bompland  in  June, 

1802,  and  the  highest  spot  of  earth  on  which  man  ever 
trod.  These  enterprising  travellers  attempted  to  as¬ 
cend  to  the  top  of  Chimborazo,  but  were  prevented  by 
a  chasm  500  feet  wide.  At  the  height  to  which  they 
attained  they  found  the  air  intensely  cold  and  piercing, 
and,  owing  to  its  extreme  tenuity,  respiration  was  diffi¬ 
cult.  The  blood  oozed  from  the  eyes,  lips,  and  gums. 

One  of  the  party  fainted,  and  all  of  them  felt  extreme 


weakness  19,400 

24.  The  highest  flight  of  the  Condor  21,000 

a.  The  highest  limit  of  the  lichen 

plant  18,225 

b.  Lower  limit  of  perpetual  snow 

under  the  equator  15,730 

c.  The  highest  limit  of  pines  un¬ 

der  the  equator  12,800 
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d.  The  highest  limit  of  trees  un¬ 

der  the  equator 

e.  The  highest  limit  of  oaks  under 

the  equator 

f.  The  highest  limit  of  the  Peru¬ 

vian  bark  tree 

g.  Lowest  limit  of  pines  under  the 

equator 

h.  Highest  limit  of  palms  and  ba¬ 

nanas 


Mountains ,  8fc.  not  referred  to  by  figures. 


Mountains,  &  c. 

Lat. 

Country. 

The  peak  of  Orizaba,  a  volcano 

19°  N. 

Mexico. 

Iztaccihuatl 

19 

N. 

Mexico. 

Nevada  de  Toluca 

19* 

N. 

Mexico. 

N  auhcampatepetl 

19* 

N. 

Mexico. 

Highest  peak 

40* 

N. 

Missouri. 

James  peak 

38* 

Do. 

Mount  Fairweather,  near  Mount  St. 

Elias  on  the  N.  W.  coast  of  N. 

America 

59 

N. 

The  city  of  Santa  Fe  de  Bogota 

4* 

N. 

S.  America. 

Mount  Washington,  the  highest. 

peak  in  the  United  States 

44* 

N. 

N.  Hampshire. 

The  city  of  Popayan 

2* 

N. 

S.  America. 

EASTERN  HEMISPHERE. 


Figures.  Mountains,  &c.  Lat. 

1.  The  Dholager  or  Dhawalagiri, 

the  highest  summit  of  the 
Himmalaya  mountains,  which 
form  the  boundary  between 
Hindostan  and  Thibet  29°  N. 

2.  Yamunatri  or  Jamautri,  another 

peak  of  the  Himmalaya  range  29  N . 
S,  4,  5,  6,  and  7,  are  also  summits 
of  the  Himmalaya  mountains, 
varying  in  height  from  22,400 
to  24,600  feet. 

8.  Mont  Blanc,  the  highest  sum¬ 

mit  of  the  Alps  46  N, 

9.  Mont  Rosa 

10.  Mont  Cervin,  Pennine  Alps 

11.  Mont  Pelvoux 

12.  Mount  Ophir,  in  Sumatra 

13.  Jungfrau,  a  peak  of  the  Alps  40*  N. 

14.  Mount  Ozon,  a  peak  of  the  Alps 
16.  Finsteraarhorn,  Alps 


Country. 


Thibet. 

Thibet. 


Italy. 

Switzerland. 

Switzerland. 

France. 

Sumatra. 

Switzerland. 

France. 

Switzerland. 


11,125 

10,500 

9,500 

5,685 

3,280 


Feet 
above 
the  sea. 
17,370 
15,700 
15,165 
13,415 
12,500 
12,000 


8,970 

8,615 

6,634 

5,825 


Feet 
above 
the  sea. 


27,677 

25,500 


15,665 

15,540 

14,780 

14,215 

18,842 

13,735 

13,465 

12,234 
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IG.  Soclionda  mountains 

49 

N. 

China. 

12,800 

17.  Peak  of  Teneriffe- 

28i 

r  N. 

Canaries. 

12,176 

18.  Mulahacan 

37 

N. 

Spain. 

11,670 

19.  Schreckliorn,  a  peak  of  theAlps46I 

r  N. 

Switzerland. 

11,490 

29.  Peak  of  Venletta 

37 

N. 

Spain. 

11,390 

21.  Mont  Perdu,  the  highest  of  the 

Pyrennees 

42f 

N. 

France. 

11,265 

22.  Le  Vignemai 

42f 

N. 

Do. 

11,010 

23.  Mount  Etna 

N 

Sicily. 

10,955 

24.  Mount  Furca,  in  the  Alps 

46J 

N. 

Switzerland. 

10,850 

25.  Pic  Blanc,  Alps 

45§ 

N. 

10,203 

26.  Mount  Lebanon 

35 

N. 

Syria. 

9,535 

27.  Mount  St.  Gothard 

Switzerland. 

8,930 

28.  Peak  of  Lomnitz,  the  highest  of 

the  Carpathian  mountains 

49 

N. 

Hungary. 

8,640 

29.  Mont  Velin,  the  highest  of  the 

Appenines 

421 

N. 

Italy. 

_8,300 

30.  Sneebutten 

621 

N. 

Norway. 

8,295 

31.  Convent  on  Mount  St.  Bernard  46 

N. 

Switzerland. 

8,040 

82.  A  volcano  in  Bourbon 

21* 

S. 

Ind.  Ocean. 

7,680 

33.  Pilatusberg,  in  the  Alps 

Switzerland. 

7,080 

34.  Convent  of  St.  Gothard 

Switzerland. 

6,810 

35.  Mount  Cenis 

451 

N. 

Italy. 

6,780 

36.  Mount  Olympus 

40 

N. 

Turkey. 

6,009 

37.  Mont  d’Or 

45-1- 

N. 

France. 

6,190 

38.  The  Cantal,  in  the  same  chain 

45 

N. 

Do. 

6,090 

39.  Mont  Reculet,  Jura  chain 

Switzerland. 

5,590 

40.  Puy  de  Dome,  in  Auvergne 

45f 

N. 

France. 

5,225 

41.  Hecla 

64 

N. 

Iceland. 

5,010 

42.  Mount  Ida 

351 

N. 

Candia. 

4,960 

43.  Snoe  Fiall 

65 

N. 

Iceland. 

4,560 

44.  Ben  Nevis,  the  highest  in  Great 

Britain 

56f 

N. 

Scotland. 

4,370 

45.  The  town  of  Briancon 

45 

N. 

France. 

4,270 

46.  Cairngorm 

67 

N. 

Scotland. 

4,066 

47.  Mount  Vesuvius 

40f 

N. 

Italy. 

3,935 

48.  Palace  of  St,  Ildefonso 

41 

N. 

Spain. 

3,790 

49.  Ben  Wyvis 

571 

N. 

Scotland, 

3,720 

50.  Snowdon,  in  Wales 

531 

N. 

Wales. 

3,571 

51.  Ben  Lomond 

561 

N. 

Scotland. 

3,250 

52.  Madrid 

401 

N. 

Spain. 

2,276 

53.  Rock  of  Gibraltar,  highest  part 

36 

N. 

Spain. 

1,440 

54.  Arthur’s  Seat,  near  Edinburgh 

Scotland. 

809 

55.  London,  at  St.  Paul’s 

611 

N. 

England. 

65 

56.  Dover  Castle  (in  Kent) 

51 

N. 

England. 

469 

57.  Wrekin  (Shropshire) 

62| 

N. 

England. 

1,320 

58.  Holyhead  mountain 

Wales. 

709 

59.  Dundry  beacon  (Somersetshire)  51^ 

N. 

England. 

1,668 

60.  Plynlimmon 

621  N. 

Wales. 

2,463 

61.  Paris 

48f 

N. 

France. 

115 

62.  Pyramids  of  Egypt 

30 

N. 

Egypt. 

500 
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63.  Lake  of  Constance  4T|  N.  Switzerland.  1,162 

64.  The  highest  flight  of  a  balloon. 

Gay  Lussac  ascended  to  this 

height  i  22,900 

65.  Greenwich  Observatory  51^  N.  England.  214 

i.  Perpetual  snow  in  Switzerland, 

above  the  altitude  of  8,000,  or  9,000 

k.  Perpetual  snow  at  this  alti- 

titude,  in  Norway.  7,000 


***  Such  are  the  admitted  average  heights  of  Mountains,  but  dif¬ 
ferent  Travellers  report  differently,  and  hence  in  every  two  tables 
and  reports  the  elevation  varies. 

CHIMBORAZO  AND  COTOPAXI. 

Chimborazo  is  21,000  feet  above  the  level  of  the  sea,  and 
9000  above  the  elevated  plains  on  which  they  stand  ;  and 
Cotopaxi,  19,000.  Till  the  discovery  of  the  Himalayas, 
they  were  considered  the  highest  points  on  the  globe. 

We  distinguish,  says  Humboldt,  three  kinds  of  principal 
forms  belonging  to  the  high  tops  of  the  Andes:  the  volca¬ 
noes  which  are  yet  burning;  volcanoes,  the  summits  of 
which  have  sunk  after  a  long  series  of  eruptions,  exhibiting 
ridges  bristled  with  points,  needles  leaning  in  different  di¬ 
rections,  and  broken  rocks  falling  into  ruins;  and  a  third 
form  of  the  high  tops  of  the  Andes,  and  the  most  majestic 
of  the  whole,  is  that  of  Chimborazo,  the  summit  of  which 
is  circular.  The  aspect  of  mountains  of  granite  has  little 
analogy  with  that  of  Chimborazo.  Granite  summits  are 
flattened  hemispheres,  and  the  trappean  porphyry  forms 
slender  cupolas :  but  Chimborazo  appears  like  a  cloud  at  the 
distance  of  200  miles.  It  detaches  itself  from  the  neigh¬ 
bouring  summits,  and  towers  over  the  whole  chain  of  the 
Andes,  like  that  majestic  dome  produced  by  the  genius  of 
Michael  Angelo,  over  the  antique  monuments  which  sur¬ 
round  the  Roman  Capitol. 

The  bulk  of  Chimborazo  is  so  enormous,  that  the  part 
which  the  eye  embraces  at  once,  near  the  limit  of  the 
eternal  snows,  is  8000  yards  in  breadth.  The  extreme  rarity 
of  the  strata  of  air,  across  which  we  see  the  tops  of  the 
Andes,'  contributes,  too,  greatly  to  the  splendour  of  the 
snow,  and  the  magical  effect  of  its  reflection.  Under 
the  Tropics,  at  a  height  of  6000  yards,  the  azure  vault  of 
the  sky  appears  of  an  indigo  tint.  The  outlines  of  the 
mountain  detach  themselves  from  the  sky  in  this  puie  and 
transparent  atmosphere;  while  the  inferior  strata  of  the  air, 
reposing  on  a  plain  destitute  of  vegetation,  which  i effects 
the  radiant  heat,  are  vaporous,  and  appear  to  veil  the  middle 
of  the  mountain. 
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Cotopaxi  is  the  loftiest  of  the  volcanoes  of  the  Andes, 
which  at  recent  epochs  have  undergone  eruptions;  and, 
notwithstanding  it  lies  near  the  Equator,  its  summits  are 
covered  with  perpetual  snows.  The  absolute  height  of 
Cotopaxi  is  18,876  feet,  or  these  miles  and  a  half;  conse¬ 
quently  it  is  2,622  feet,  or  half  a  mile,  higher  than  Vesuvius 
would  be,  were  that  mountain  placed  on  the  top  of  the  Peak 
of  Teneriffe !  Cotopaxi  is  the  most  mischievous  of  the 
volcanoes  in  the  kingdom  of  Quito,  and  its  explosions  are 
the  most  frequent  and  disastrous.  The  masses  of  scoriee 
and  the  pieces  of  rock  thrown  out  of  this  volcano  cover  a 
surface  of  several  square  leagues,  and  would  form,  were 
they  heaped  together,  a  prodigious  mountain.  In  1738, 
th  e  flames  of  Cotopaxi  rose  3000  feet,  or  upwards  of  half  a 
mile,  above  the  brink  of  the  crater.  In  1744,  the  roarings 
of  this  volcano  were  heard  at  the  distance  of  600  miles. 
On  the  4th  of  April,  1768,  the  quantity  of  ashes  ejected  at 
the  mouth  of  Cotopoxi  was  so  great,  that  it  was  dark  till 
three  in  the  afternoon.  The  form  of  Cotopaxi  is  the  most 
beautiful  and  regular  of  the  colossal  summits  of  the  high 
Andes.  It  is  a  perfect  cone,  which,  covered  with  a  perpetual 
layer  of  snow,  shines  with  dazzling  splendour  at  the  setting 
of  the  sun,  and  detaches  itself  in  the  most  picturesque 
manner  from  the  azure  vault  above.  This  covering  of  snow 
conceals  from,  the  eye  of  the  observer  even  the  smallest 
nequalitko  of  the  4;  no  point  of  rock,  no  stony  mass, 
penetrating  this  coat  of  ice,  or  breaking  the  regularity  of 
the  figure  of  the  cone. 

GENERAL  VIEW  OF  THE  ANDES. 

This  view  is  taken  from  Humboldt,  on  the  elevated  plains 
near  Quito,  which  are  3,300  yards  above  the  level  of  the 
sea;  above  which  Chimborazo  and  some  other  mountains  are 
raised  above  another  3,000.  The  cones  of  burning  volcanoes 
present  themselves  on  every  side  in  this  sublime  region. 

GENERAL  VIEW  OF  THE  ALPS. 

The  tops  of  the  Alps,  like  those  of  all  high  mountains, 
are  continually  covered  with  snow  ;  and  immense  glaciers  or 
mountains  of  accumulated  ice  fill  their  intervals,  some¬ 
times  continued,  in  wonderful  masses,  from  one  valley  to 
another,  on  the  declivity  of  the  summits.  The  view  from 
Berne  as  exhibited  in  the  engraving  is  very  grand,  and  is 
copied  from  the  Berne  Guide,  and  may  be  regarded  as  a 
faithful  representation. 
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At  the  glaciers  of  Grindelwald  and  Bois,  in  the  valley 
of  Chamouni,  these  sublime  horrors  may  be  admired  to 
advantage.  From  an  insulated  summit  the  eye  beholds- a  sea 
of  ice,  whence  arise  crystalline  blocks,  transparent  walls, 
and  prismatic  needles,  confusedly  intertwined,  resembling 
the  wrecks  of  a  storm  whose  fury  has  abated.  The  brilliant 
reflections,  the.  colours  of  the  rainbow,  and  lights  infinitely 
diversified,  enrich  this  view. 

MONT-BLANC. 

This  sovereign  of  the  Alps  is  about  15,000  feet  above  the 
level  of  the  sea;  and,  being  perpetually  covered  with  snow, 
and  visible  a  hundred  miles  round,  has  acquired  its  name 
from  its  brilliant  whiteness.  Though  surrounded  by  ridges 
of  other  mountains,  and  connected  by  Alpine  tracks,  yet, 
till  within  these  few  years,  its  ascent  was  deemed  imprac¬ 
ticable.  M.  Saussure  has  published  the  best  account  of 
the  whole  district ;  and  we  have  copied  his  view  of  the  mode 
adopted  in  ascending  these  dangerous  precipices.  At  length, 
some  adventurous  English  travellers  reached  its  summit,  by 
conveying  with  them  three  days’  provisions,  and  conveniences 
for  night-shelter;  but,  in  a  similar  attempt  made  in  1822^ 
some  other  adventurous  travellers  perished.  Besides  the 
difficulties  presented  by  walls  of  ice  and  accumulated  snow, 
unfathomable  chasms  and  frightful  precipices  frequently 
arrest  the  course. 

THE  MIAGE. 

This  is  one  of  those  mixed  mountains  of  ice  and  granite 
which  surround  Mont  Blanc.  Nothing  can  exceed  it  in  pe¬ 
culiarity  of  objects,  in  desolation,  and  terrific  grandeur.  It 
affords  no  support  to  animals  of  any  kind,  and  is  therefore 
deserted  by  all.  The  masses  of  ice  seem  to  have  been  ac¬ 
cumulating  since  the  Creation,  and  their  bulk  and  splendour 
in  the  sunshine  are  indescribably  wonderful* 

CHAMOUNI. 

The  village  of  Chamouni  is  situated  in  a  little  valley,  close 
to  the  immense  glacier  of  Mont  Blanc ;  and  this,  as  well  as 
other  places  of  human  habitation  in  the  same  vicinity,  are 
frequently  exposed  to  the  destructive  effects  of  slippings  or 
falls  of  enormous  mountains  of  ice  upon  them,  which  too 
frequently  destroy  men,  cattle,  and  every  thing  in  their 
course. 
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MONTSERRAT. 

This  Spanish  mountain  is  famous  for  its  serrated  and 
pointed  appearance,  and  in  that  respect  is  one  of  the  most 
remarkable  prominences  in  the  world.  It  is,  moreover,  a 
noted  focus  of  monkish  superstition ;  a  number  of  lazy 
anchorites  residing-  in  cells  on  its  most  inaccessible  pinna¬ 
cles,  where  they  are  fed  by  the  bounty  of  the  credulous. 

SNOWDEN. 

Although  Snowden  is  only  3,500  feet  above  the  level  of 
the  sea,  and  a  mere  mole-hill  compared  with  the  Himalayas 
or  Andes,  yet  it  serves  to  afford  the  inhabitants  of  England 
a  specimen  of  mountain  scenery,  and  is  to  them  an  imposing 
natural  curiosity. 

SAUSSURE  ASCENDING  THE  ALPS. 

M.  Saussure  passed  several  years  among  the  Alps,  ex¬ 
ploring  their  recesses  and  examining  their  phenomena.  This 
engraving,  copied  from  his  work,  illustrates  the  ingenious 
means  adopted  to  enable  him  with  safety  to  ascend  its  crags 
and  slippery  precipices ;  and  the  engraving  affords  an  idea 
of  the  similar  means  by  which  such  mountains  in  general  are 
explored  bv  men. 

I  t/ 

GIANTS’  NEEDLE  ON  THE  ALPS. 

This  remarkable  object  consists  of  nothing  more  than  a 
granitic  or  phophyritic  projection  towering  above  the  snow. 
The  contrast  of  colours  render  it  conspicuous  to  a  great 
distance. 

THE  DEVIL’S  BRIDGE. 

This  view  is  introduced  for  the  purpose  of  increasing  the 
representations  of  the  scenery  of  the  Alps.  This  bridge 
was  thrown  over  a  chasm  of  an  immense  depth,  which  inter¬ 
cepted  a  road  through  the  mountains  ;  and,  its  construction 
being  considered  almost  miraculous,  it  was  ascribed  by  the 
vulgar  to  the  devil,  and  hence  its  name.  It  fell  a  short 
time  since,  and  has  not,  we  believe,  been  replaced. 

SOURCES  OF  THE  GANGES  AND  JUMNA. 

We  have  introduced  this  view  from  the  grand  work  of 
Mr.  Fraser,  for  the  purpose  of  showing  some  of  the  sublime 
scenery  of  the  Himalayas.  The  spot  is  held  sacred  by  the 
Hindoos,  as  the  seat  of  the  principal  source  of  the  Ganges 
and  Jumna;  an  object  which,  for  several  centuries,  was  a 
question  of  great  geographical  curiosity. 
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THE  PHILOSOPHY  OF  MOUNTAINS. 

This  table  assembles  a  most  interesting  number  of  facts 
relative  to  the  phenomena  of  mountains,  in  addition  to  the 
other  engravings.  It  leaves  nothing  more  to  desire  on  the 
subject.  It  is  a  study  by  itself,  and  merits  the  special 
attention  of  the  reader.  It  is  drawn  up  from  materials  fur¬ 
nished  by  M.  Humboldt.  United  with  the  engraving  of 
mountains,  it  renders  the  subject  complete. 

COPPER  MINE  IN  SWEDEN. 

The  copper  and  iron  mines  of  Sweden  are  the  most  cele¬ 
brated  and  most  valuable  in  Europe,  and  are  of  wonderful 
magnitude. 

The  exterior  of  this  mine  presents  a  vast  chasm  of  a  tre¬ 
mendous  depth.  The  passage  into  the  great  chasm  is  by 
ranges  of  wooden  steps.  Here  are  to  be  seen  the  same 
caverned  portico,  the  rocky,  rough  descent,  the  steammo- 
sulphur,  and  all  deadly  stenches.  The  wretched  inmates 
of  this  gloomy  cavern  appear  like  so  many  spectres.  In  one 
part  the  steam  is  so  excessively  hot  as  to  scorch  at  the  dis¬ 
tance  of  twelve  paces,  at  the  same  time  that  the  sulphureous 
smell  is  intolerable.  Near  this  spot  a  volcanic  fire  broke  out 
some  years  ago,  in  consequence  of  which,  strong  walls  were 
constructed,  as  barriers  to  its  power,  and  several  contiguous 
passages,  which,  had  it  spread,  would  have  proved  dangerous 
to  the  mine,  were  closed  up.  The  depth  is  twelve  hundred 
feet,  and  a  full  hour  is  required  to  reach  the  bottom.  The 
mass  of  copper  lies  in  the  form  of  an  inverted  cone. 

SILVER  MINE  IN  POLISH  PRUSSIA. 

This  celebrated  silver  mine  is  near  Koningsberg,  and  is 
called  in  the  country  “  God’s  Blessing.”  It  yields  many 
hundred  pounds  of  rich  ore  per  week,  and  is  above  1  000 
feet  in  perpendicular  depth.  At  the  bottom  is  an  immense 
space  filled  with  fires,  to  soften  the  stone,  and  with  swarms 
of  miners,  making  the  most  hideous  appearance. 

SALT  MINES  OF  CRACOW. 

The  bowels  of  the  earth,  besides  yielding  metals  and  va¬ 
rious  stones,  are  found,  in  some  situations,  to  contain  strata 
of  solid  salt,  called  Rock-salt.  Whether  these  salt  strata 
have  arisen  from  the  drying-up  of  salt  lakes,  or  whether  the 
saltness  of  the  sea  arises  from  its  contact  with  salt  strata 
has  been  made  a  question.  Be  this  as  it  may,  Cheshire  and 
Poland  present  rich  veins  or  strata  of  salt;  and  in  some 
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situations  water  is  impregnated  with  salt,  doubtless  from 
passing  through  strata  which  produces  a  strong  brine,  from 
which  salt  is  made  by  evaporation. 

The  mine  at  Cracow  is  very  magnificent.  It  is  800  feet 
deep,  6000  feet  long,  and  2000  feet  broad,  filled  with  nu¬ 
merous  passages,  in  which  reside  the  miners  with  their 
families;  many  of  whom  never  see  the  light  of  day.  This 
salt-mine  has,  however,  ceased  to  be  wonderful  for  its  mag¬ 
nitude,  since  the  mines  of  Peru,  Sweden,  Britain,  and  the 
Low  Countries,  have  been  wrought  to  so  much  greater 
extent. 

THE  GIANT’S  CAUSEWAY  IN  THE  NORTH 

OF  IRELAND. 

This  wonder  of  nature  consists  of  a  vast  collection  of 
basaltic  pillars.  The  principal,  or  grand  causeway,  (there 
being  several  less  considerable  and  scattered  fragments  of  a 
similar  nature,)  consists  of  an  irregular  arrangement  of 
many  hundred  thousand  columns,  formed  of  black  rock, 
nearly  as  hard  as  marble.  They  are  of  unequal  height  and 
breadth;  ‘and  several  of  the  most  elevated  are.  of  the  height 
of  about  twenty  feet. 

This  grand  arrangement  extends  nearly  two  hundred 
yards,  as  it  is  visible  at  low  water;  but  how  far  beyond  is 
uncertain,  from  its  declining  appearance.  The  breadth  of 
the  principal  causeway,  which  runs  out  in  one  continued 
range  of  columns,  is  in  general  from  twenty  to  thirty  feet, 
and  in  some  parts  it  may  be  nearly  forty.  The  figure  of 
these  columns  is,  with  few  exceptions,  pentagonal,  or  com¬ 
posed  of  five  sides ;  yet  there  are  not  two  columns  in  ten 
thousand  to  be  found  which  either  have  their  sides  equal 
among  themselves,  or  display  a  like  figure.  The  columns, 
or  pillars,  are  composed  of  several  short  lengths,  nicely 
joined,  and  articulated  into  each  other  like  a  ball  and  socket, 
or  like  the  joints  in  the  vertebrse  of  some  of  the  larger  kind 
of  fish.  The  length  of  these  particular  stones,  from  joint 
to  joint,  is  various:  in  general,  from  eighteen  inches  to  two 
feet  long;  and,  for  the  greater  part,  longer  towards  the 
bottom  of  the  columns  than  nearer  the  top. 

Notwithstanding  the  general  dissimilitude  of  the  columns, 
relatively  to  their  figure  and  diameter,  they  are  so  arranged 
and  combined  at  all  the  points,  that  a  knife  can  scarcely  be 
introduced  between  them,  either  at  the  sides  or  angles.  At 
the  depth  of  ten  or  twelve  feet  from  the  summit  of  the 
cape  of  Bengore  the  rock  begins  to  assume  a  columnar 
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tendency,  and  forms  a  range  of  massy  pillars  of  basalt, 
which  stand  perpendicular,  presenting,  in  the  sharp  face 
of  the  promontory,  the  appearance  of  a  magnificent  gallery 
or  colonnade,  upwards  of  sixty  feet  in  height.  This  colonnade 
i  ^supported  on  a  solid  base  of  coarse,  black,  irregular  rock, 
nearly  sixty  feet  thick,  abounding  in  blebs  and  air-holes  ; 
but,  though  comparatively  irregular,  it  evidently  affects  a 
peculiar  figure,  tending  in  many  places  to  run  into  regular 
forms,  resembling  the  shooting  of  salts  and  many  other 
substances  during  a  hasty  crystallization.  Beneath  this 
great  bed  of  stone  stands  a  second  range  of  pillars,  from 
forty  to  fifty  feet  high,  more  exactly  defined,  and  emulating 
in  the  neatness  of  its  columns  those  of  the  Giant’s  Causeway. 

GENERAL  VIEW  OF  STAFFA. 

It  appears  by  the  view  that  Staffa  is  an  entire  basaltic 
formation,  and  its  vicinity  to  the  Giant’s  Causeway  and  to 
other  basaltic  islands  seems  to  prove,  if  basalts  are  really  of 
volcanic  origin,  that  some  great  volcano  exerted  its  energies 
in  these  seas,  in  some  remote  age  of  the  world.  Perhaps 
the  Brahminical  tradition  of  the  great  churning,  as  they  call 
it,  in  this  northern  ocean,  may  refer  to  the  period  in  ques¬ 
tion. 

FINGAL’S  CAVE,  IN  STAFFA. 

This  stupendous  cavern  is  371  feet  long,  and  about 
50  feet  high,  formed  by  an  eruption  of  the  sea,  among  a  mass 
of  grand  basaltic  pillars,  themselves  wonders  of  the  world. 
It  is  supported  by  ranges  of  columns,  and  is  roofed  by  the 
bottoms  of  such  as  have  broken  away.  From  the  inter¬ 
stices  of  the  roof,  a  yellow  stalactic  matter  has  exuded, 
which  defines  the  different  angles.  The  whole  cave  is  so 
lighted  from  without,  that  the  further  extremity  is  plainly 
distinguishable.  The  highest  range  of  pillars  is  to  the 
north-west,  and  the  surface  of  the  stratum  by  which  it  is 
supported  is  rough,  while  the  base  is  composed  of  heteroge¬ 
neous  parts,  resembling  lava. 

FOSSIL  REMAINS. 

The  subjects  of  Fossil  Remains  consist  of  parts  of 
animals,  plants,  fishes,  and  shells,  which  either  have  been 
impregnated  with  silex,  and  become  of  stony  hardness, 
with  calcareous  matter,  and  petrified,  or  imbedded  in  stones 
of  various  descriptions;  and,  in  one  case,  we  have  given 
a  specimen  of  marble,  composed  entirely  of  the  visible 
remains  of  shells,  a  variety  of  which  is  so  common  in  many 
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districts,  that  it  is  used  for  ordinary  purposes;  and  also 
various  specimens  of  fish’s  teeth.  These  remains  have 
evidently  been  entangled,  during  great  changes,  which 
have  taken  place  on  the  earth’s  surface,  in  very  remote  ages ; 
and  they  include  an  infinite  variety  of  genera  and  species, 
no  longer  to  be  met  with. 

The  five  plates  contain  representations  of  135  different 
species,  classed  under  their  respective  names  of  various 
shells;  remains  of  plants  imbedded  in  stone;  fish’s  teeth; 
and  other  organized  productions  living  on  the  earth  before 
the  formation  of  the  present  strata. 

In  one  of  the  larger  specimens,  various  vegetables  afnd 
their  seed  are  assembled  in  one  stone :  the  seed  resembles 
coffee;  and  there  is  also  a  branch  of  Fern,  with  the  vegetable 
of  the  verticillate  tribe. 

The  fossil  marble  is  so  common  in  Sussex  that  the  streets 
of  Lewes  are  paved  with  it;  and  it  consists  entirely  of  shells 
united  by  cement.  The  fossil  animal  was  published  by 
Cuvier,  and  found  near  Paris. 

All  these  objects  are  too  interesting  to  be  slightly  passed 
over  by  the  lover  of  antiquities  or  the  student  of  Natural 
History. 

FOSSIL  SHELLS,  &c. 

Independently  of  the  shells  at  present  found  in  the  sea,  and 
occupied  by  living  animals,  many  varieties  resembling  these, 
but  often  very  dissimilar,  are  found  in  a  fossil  state,  bedded 
in  rocks,  and  often  forming  entire  strata  of  vast  extent  by 
themselves. 

Pectines.  These  include  the  whole  of  the  oyster  or 
scallop  classes.  The  shell  is  bivalve,  generally  with  un¬ 
equal  valves,  and  slightly  eared.  Their  form  is  usually 
regular,  and  their  surface  is  adorned  with  elevated  divergent 
ribs,  varying  in  number  from  five  to  forty,  which  proceed 
from  the  tip  of  the  beaks  to  the  extremity  of  the  margins, 
there  terminating  in  a  scalloped  outline.  The  ribs  are 
variously  diversified  with  beautiful  colours  and  delicate 
checquer-work.  The  margins  of  the  interior  are  mostly 
crenated,  and  are  often  beautifully  coloured.  The  scallops 
have  the  faculty  of  leaping  out  of  the  water,  and  are 
enabled  to  effect  a  very  rapid  motion,  by  opening  and 
closing  their  valves.  In  the  plate,  ten  beautiful  varieties 
of  fossils  of  this  order  are  exhibited. 

Coni  or  Cylindri.  The  numerous  species  of  the  cones 
are  very  similar  in  form.  Their  colour  and  markings  are 
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extremely  beautiful  and  much  diversified:  in  some  species 
they  are  elegantly  disposed  in  dots,  stripes,  bands,  and 
reticulations;  and  in  others,  delicately  blended  in  cloud¬ 
ings,  veins,  and  marbling. 

The  Tubulus  Marinus  belongs  to  the  tubular  family, 

first  pointed  out  by  Langius. 

The  Concha  Margaratifera  belongs  to  the  order  of 
bivalves,  and  is  still  found  in  several  rivers  of  Britain.  The 
shell  is  ovate-oblong,  and  is  covered  with  a  black  epidermis. 
The  length  is  two  inches  and  a  half;  and  the  breadth,  five 
inches.  If  often  produces  pearls  of  a  considerable  size, 
and  of  a  good  colour. 

Dentalia.  The  shells  of  this  genus  resemble  an 
elephant’s  tusk  m  miniature,  and  the  principal  distinctions 
are  in  magnitude,  curvature,  and  the  number  of  ribs  and 
grooves.  The  Dentalia  are  now  principally  found  in  the  In¬ 
dian  and  European  Oceans;  and  a  few  in  the  Mecuterranean 
and  Northern  Seas. 

Ostracites ,  a  beautiful  specimen  of  the  genus  Ostrea,  or 
Oyster. 

Helicites ,  the  Snail  or  Spiral.  This  extensive  genus 
consists-  principally  of  land  or  fresh-water  shells,  a  very  few 
on] y  being  the  produce  ol  the  ocean,  but  m  fossil  remains 
they  are  found  in  prodigious  quantities . 

Nautili .  The  most  striking  chaiactei  of  this  genus  is 
that  the  whorls  are  divided  into  separate  compartments  or 
chambers,  which  are  connected  by  a  slender  syphon  run¬ 
ning  spirally  through  the  shell.  The  general  form  of  the 
shell  is  spiral  or  scrawl  like.  Fine  specimens  of  the  Pom- 
pilius  genus  are  often  converted  by  the  inhabitants  of  the 
East  into  drinking-cups,  on  the  surface  of  which  they 
engrave  various  devices  and  ornaments.  Some  species  ot 
the  Nautilus  are  found  adhering  to  coral  rocks  on  the  Sici¬ 
lian  shores.  The  American  and  Indian  Oceans,  as  well 
as  the  Mediterranean,  Adriatic,  and  Pted  Seas,  produce 
species  of  Nautili;  but  the  greater  number  are  found  on 
the  European  and  British  coasts. 

Buccina  or  Whelks.  This  genus  derives  its  name  from 
some  of  its  species,  resembling  a  trumpet  ( huccinum .) 
The  African,  American,  Indian,  European,  and  Southern 
Oceans,  produce  the  greater  number  of  buccina,  and  many 
are  found  in  the  British  and  Mediterranean  Seas. 

Trocki.  The  leading  characteristic  of  the  Trochus,  or 
Top  Shell,  is  the  conical  shape  of  its  species.  A  few 
species  have  their  surfaces  almost  smooth;  but  the  greater 
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Dumber  are  covered  with  knobs,  spines,  or  undulations. 
Many,  when  uncoated,  present  a  brilliant  mother-of-pearl 
appearance;  others  have  only  a  pearly  appearance,  and  a 
few  exhibit  a  bronze-like  hue.  The  Trochus  derives  its 
name  from  the  resemblance  of  its  species  to  the  form  of  a 
top,  and  is  found  in  almost  every  part  of  the  world. 

Neritce,  or  Hoof  Shells.  There  is  a  considerable  variation 
in  the  form  and  markings  of  these  shells.  This  genus 
received  its  name  from  its  species  having  been  supposed 
by  ancient  naturalists  to  have  the  power  of  swimming  in 
the  ocean. 

Orthoceralite ,  is  a  genus  of  the  Nummulite  family,  so 
abundant  as  to  fill  whole  tracts  of  country,  and  so  ancient 
that  they  abound  in  the  lime-stone  of  which  the  pyramids  of 
Egypt  are  built.  They  are  of  the  shell  kind. 

Gryphites ,  are  a  species  of  bivalve  shells,  often  found  pe¬ 
trified  in  lime-stone. 

Ammonites ,  are  another  tribe  of  fossil  shells,  of  which  no 
less  than  300  different  species  have  been  described.  They 
are  vulgarly  called  snake-stones,  from  a  notion  that  they 
were  petrified  serpents.  They  are  found  in  vast  abundance. 

Asterice,  or  Star-stones ,  are  fossil  or  petrified  remains  of 
the  Star-fish,  but  are  rarely  met  with. 

The  subjects  of  plants  found  in  stones  speak  for  them¬ 
selves,  and  are  met  with  in  great  abundance ;  some  of  them 
like  existing  vegetables,  but  found  in  countries  where  they 
no  longer  flourish. 

Madrepores,  Tubipores,  Corals,  and  other  productions  of 
polypi,  are  frequently  found  in  a  fossil  state,  and  are  known 
under  the  names  of  porites  and  corralium;  and  even  sponges 
are  often  found  in  a  fossil  state  in  flint  and  chalk. 

Entrochites,  are  fossil  remains  of  the  Radiaria,  a  family 
now  scarce,  but  which  appears  to  have  been  very  abundant 
when  the  existing  animals  were  converted  into  fossils. 

Fossil  Teeth,  or  Glosopetrce ;  so  called  from  a  vulgar  no¬ 
tion  that  they  were  the  tongues  of  serpents;  whereas,  in 
truth,  they  are  the  teeth  of  sharks  and  other  fish. 

Bujfonita,  another  class  of  fishes7  teeth,  but  which  were 
once  imagined  to  be  parts  of  the  heads  of  toads. 

Ichthyperia,  consist  of  fossil  remains  of  fishes,  and  are 
often  found  in  the  earth  in  a  mineralized  state. 

SKELETONS  OF  THE  FOSSIL  SLOTH  AND 

MAMMOTH. 

Among  other  remains  of  quadrupeds,  where  continuance 

has  become  unfit  or  discordant  with  the  state  of  the  world, 

c 
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in  other  respects,  are  some  varieties  of  enormous  animals, 
whose  remains  are  constantly  found  in  exploring  the  strata 
of  all  countries. 

One  of  these  is  the  American  Mammoth ,  whose  bones 
are  still  exposed  m  great  quantities  on  the  banks  of  the 
Ohio,  and  a  perfect  specimen  of  which  creatuie  is  to  be 
seen  in  the  Museum  at  Philadelphia.  Its  relative  size  to  a 
man  of  middle  stature  is  displayed  in  the  engraving. 
When  these  animals  became  extinct  is  unknown ;  but  the 
Indians  have  traditions  that  they  were  formerly  so  foimi- 
dable  as  to  drive  men  into  caverns  for  safety. 

The  other  specimen  is  of  another  genus,  in  which  bulk 
is  happily  counteracted  by  awkwardness  of  stiuctuie. 
This  creature  is  of  the  sloth  kind,  of  the  species  called 
Megatherium ,  and  its  relative  size  to  .  that  of  man .  is 
indicated  by  the  figure.  It  was  found  in  South  America,^ 
and  is  now  preserved  in  the  museum  at  Madrid,  bones  ot 
animals,  equally  enormous,  have  been  found  in  all  parts 
of  Britain ;  and  the  common  existence  of  such  creatures^ 
gives  rise  to  interesting  speculations  relative  to  the  state  oi 
the  world  when  they  flourished.  The  existence  of  enormous 
animals  appears  constantly  to  become  more  and  more  unfit. 
Thus,  the  rhinoceros,  the  elephant,  the  hippopotamus,  the 
camel-leopard,  &c.  &c.  are  constantly  becoming  scaice, 
and  wholly  extinct,  in  countries  whore  they  formeily  existed 
in  great  numbers. 

the  remains  of  this  enormous  awkwardly-constructed  ani¬ 
mal  were  a  few  years  since  found  in  Paraguay;  ana,  being 
conveyed  to  Spain,  were  deposited  in  the  Museum  of  Madiiu. 
The  difficulty  with  which  a  creature  whose  motions  must 
have  been  so  awkward  could  have  found  adequate  subsistence 
must  have  led  to  the  speedy  extinction  of  the  species,  m 
spite  of  the  prolific  character  of  the  country  m  which  these 
remains  were  found.  It  is  impossible  to  view  these  gigantic 
remains  of  creatures  whose  race  is  now  extinct  without 
feelings  of  mingled  delight  and  astonishment. 

MAMMOTH  IN  THE  MUSEUM,  PHILADELPHIA. 

The  bones  of  this  animal  abound  in  the  vicinity  of  salt- 
springs  near  the  Ohio,  and  are  found  also  in  other  parts  of 
North  and  South  America.  Its  enormous  dimensions  are 
proved  by  M.  Montule  s  drawing,  where  he  is  represented 
reaching  to  touch  the  ribs.  Its  tusks  distinguish  it  from 
those  of  the  Siberian  mammoth,  which  turn  upward,  and 
from  the  mammoth  found  in  the  Rio  de  la  Plata,  which  vas 
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without  horns;  but  the  entire  genus  are  of  similar  magni¬ 
tude,  i.e.  twelve  or  fifteen  feet  high,  and  20  or  30  long, 
their  bones  being  massive  in  proportion  to  their  bulk.  The 
Indians  have  a  tradition  that  they  once  were  the  terror  of 
the  woods,  and  that  men  were  obliged  to  retreat  to  caves  to 
escape  from  their  ravages. 

GROTTO  OF  ANTIPAROS. 

Till  the  discovery  of  the  great  Cavern  of  Kentucky,  this 
grotto  was  for  ages  regarded  as  the  greatest  natural  curiosity 
of  its  kind.  It  consists  of  a  series  of  chambers,  whose 
roofs  are  covered  with  beautiful  and  transparent  stalactites, 
or  oozings  from  the  superior  ground  of  the  very  substance 
which,  when  strata  are  beneath,  forms  the  solid  cement 
of  those  strata,  and  converts  loose  matter  into  the  hardest 
solids.  The  figured  forms  on  the  ground  are  composed  of 
beautiful  crystals,  and  icicles  of  white  marble.  The  cavern 
is  usually  visited  by  strangers  with  torches,  the  reflection 
of  the  light  of  which,  from  the  stalactites,  produces  an  en¬ 
chanting  effect. 

Derbyshire  abounds  in  similar  caverns,  but  the  above  is 
the  finest  specimen  which  could  be  given. 

DEVIL’S  PEAK,  AND  GRAND  CAVERN, 
DERBYSHIRE. 

The  Peak  of  Derbyshire  is  famous  for  its  subterranean, 
geological,  and  mineralogicai  wonders.  Among  these,  the 
Peak  Cavern,  near  Castleton,  is  very  famous  for  its  size  and 
extent :  it  is  2250  feet  in  length,  62(3  feet  below  the  surface, 
and  in  some  parts  300  feet  high.  The  Grand  Cavern  is  a 
recent  discovery;  and  doubtless  others  will  be  found  on 
further  examination,  as  the  whole  district  is  irregular,  and 
full  of  cavities. 

PLAN  OF  THE  GREAT  CAVE  IN  KENTUCKY. 

Of  other  Caverns  we  have  been  able  to  give  particular 
views,  but  this  extensive  and  unparalleled  range  of  galleries, 
of  halls,  and  immense  domes,  would,  if  represented, 
furnish  a  picturesque  work  by  it  self.  The  figure  at  the  side 
represents  a  human  subject,  probably  the  remains  of  some 
unfortunate  Indian,  who  was  bewildered  in  the  Cavern. 

A — Mouth  of  the  cave,  40  feet  high,  and  30  wide. 

BB — Hoppers,  where  saltpetre  is  made  by  the  owners  of  the 
cave.  Oxen  are  worked  two  miles  in. 

C — Pits,  175  feet  deep  in  many  places  in  this  chamber. 

D  —  This  area  contains  upwards  of  eight  acres,  covered  with 
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one  arch,  at  least  150  feet  high  in  the  centre.  It  is  called  the 
Chief  City. 

E— Second  City,  contains  about  six  acres  ;  the  walls  around 
at  least  sixty  feet  perpendicular  height:  one  arch. 

F — Fourth  City . 

G — This  is  called  the  Fifth  City. 

K — The  bed  of  this  chamber,  which  is  1800  feet  in  circumfe¬ 
rence,  is  forty  feet  above  the  level  of  the  passage  leading  to  it. 
T  ou  go  up  a  passage  like  a  chimney  forty  feet  perpendicular. 

I  At  this  place  a  cedar  pole  was  found,  twelve  feet  long,  and 
perfectly  sound. 

O — No  farther  explored. 

L — Third  City.  From  the  side  of  the  cave  issued  a  fine 

stream  of  water,  which  falls  sixty  feet. 

R  R  R— Green  River  passes  over  three  branches  of  this  cave. 

S — A  long  body  of  yellow  ochre  found  here. 

1 — Avery  beautiful  dome,  at  least  forty  feet  diameter  and 
sixty  feet  high. 

X—Here  are  six  or  eight  large  columns  of  spar,  standing 
upwards  of  sixty  feet  perpendicular  height,  the  bases  of  which 
rest  in  elegant  basins  of  water,  as  clear  as  amber.  Soda  is 
found  in  great  quantities  in  and  near  these  columns  of  spar. 

Z — Found  no  end. 

N — Ditto.  Ditto. 

THE  GROTTO  DEL  CANE. 

This  is  an  inconsiderable  cavern  between  Naples  and 
Puzzuoli,  situated  in  a  volcanic  district.  It  contains  a  small 
lake,  over  which  hangs  an  atmosphere  of  carbonic  acid  gas, 
commonly  called  fixed  air.  If,  then,  a  dog  be  plunged  into 
this  gas,  he  immediately  loses  all  signs  of  life;  but,  on 
being  drawn  out,  he  speedily  recovers  again. 

This  was  an  object  of  great  wonder  among  travellers  and 
superstitious  persons,  till  the  density  and  deleterious  charac¬ 
ter  of  carbonic  acid  gas  were  ascertained. 
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PART  II. 

LECTURE  XX. 

on’the  solid  parts  of  the  earth. 

Then  range  through  being’s  wide  extent 
Let  the  fair  scale,  with  just  ascent. 

And  equal  steps  be  trod  ; 

Till,  from  the  dead  corporeal  mas», 

Through  each  progressive  rank  you  pass, 

To  Instinct, — Reason, — God  ! 

Beings  five  or  six  feet  high,  are  poorly  qualified  to 
judge  of  the  comparatively  vast  globe  on  which  they 
live,  by  viewing  it  from  their  own  puny  elevation,  or 
indeed  from  any  elevation  which  they  are  able  to  attain. 
To  conceive  of  it  correctly,  they  should  view  the  dis¬ 
tant  heavenly  bodies,  as  the  Moon,  which  is  even  sixty- 
four  times  smaller,  or  Jupiter,  which  is  a  thousand 
times  larger.  The  contemplation  of  such  distant  bodies 
will  correct  all  their  notions,  and  harmonize  all  their 
sentiments  relative  to  the  bulk  of  the  earth. 

They  are  apt  to  be  surprised,  when  they  traverse  moun¬ 
tains  so  vast  compared  with  themselves,  and  to  ascribe 
great  energy  to  the  means  which  transport  such  vast 
masses  through  space,  and  revolve  them  round  the  axis 
of  the  earth.  But  if  they  carry  their  reasonings  to  Jupiter, 
either  as  seen  with  the  naked  eye,  or  through  a  tele¬ 
scope,  these  difficulties  vanish,  though  every  part  of 
Jupiter  is  one  thousand  times  greater  than  an  equal 
fraction  of  the  earth.  In  truth,  all  the  movements  of 
nature  balance  one  another,  and  rc.  violence  is  neces¬ 
sary  ;  for  if  any  inequality  arise,  it  is  instantly  corrected 
by  the  combination  of  other  forces.  Every  person  is 
sensible  of  the  little  force  which  is  necessary  to  turn  a 
large  horizontal  wheel;  although  such  wheels  are  subject 
to  the  friction  of  the  axle  on  which  they  rest;  for 
example,  an  horizontal  wheel,  of  thirty  or  forty  feet 
diameter,  which  could  not  be  lifted  by  twenty  men,  can, 
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nevertheless,  be  turned  with  great  velocity  by  the  hand 
of  a  child,  and  the  velocity  can  be  kept  up  by  the  gentlest 
exertion  only  of  the  little  finger :  for  each  side  exactly 
balancing  the  other,  counteracts  the  weight  of  the 
whole.  J ust  so  it  is  with  the  earth ;  the  sides  of  the 
whole  sphere,  all  round  the  axis,  balance  the  opposite 
side,  and  while  the  balance  of  the  sides  continues,  an 
exceedingly  slight  force  is  sufficient  to  turn  even  such 
a  vast  body,  and  produce  the  wonderful  phenomena  of 
day  and  night*. 

A  question,  however,  presents  itself  to  every  curious 
mind,  in  regard  to  the  internal  or  component  materials 
of  so  vast  a  mass ;  whether  it  be  entirely  solid,  whether 
it  is  more  dense  at  the  centre  than  the  surface,  and 
many  such  questions,  which  have  long  agitated  the 
curious  creatures  who  have  never  been  able  to  penetrate 
a  single  mile  into  it ;  and  who,  from  the  difficulties,  at 
once  gaseous,  fluid,  and  solid,  may  never  fie  afile  to 
penetrate  to  a  greater  depth. 

The  impossibility  of  gratifying  curiosity  on  this  sub¬ 
ject  has  led  to  a  number  of  absurd  hypotheses;  some, 
for  example,  have  maintained  that  the  earth  is  hollow; 
and  that  we  live  only  upon  the  shell,  as  though  such 
were  the  construction  of  all  the  planetary  bodies. 
Others,  believing  this,  have  filled  the  hollow  with  fire, 
ignorant  that  fire  is  a  mere  gaseous  action,  and  cannot 
exist  without  oxygen  and  hydrogen; — while  some  of 
tliis  class  fill  the  hollow  with  water,  ignorant  that  the 
rotation  of  the  earth  and  the  re-action  of  the  moon 
necessarily  bring  all  the  water  to  the  surface.  Others, 
again,  have  pretended  to  determine  the  exact  density  of 
the  whole  earth,  by  imagining  that  they  had  found  the 
relative  attraction  of  a  mountain  of  known  density; 
though  it  is  palpable,  that  the  plummet  which  they  used 
was  carried  towards  the  mountain  by  the  pressure  of  the 
external  column  of  airf,  and  therefore,  that  no  attraction 
(if  such  a  chimerical  power  could  be  supposed  to  exist) 
could  be  concerned.  All  these  hypotheses  are  therefore 


*  See  page  121. 

+  J  ust  as  two  cork  bungs,  floating  above  water,  are  carried  together 
by  a  similar  pressure  of  the  external  columns  of  air;  although,  if  of 
oak,  and  floating  within  the  same  water,  tbev  would  make  no  ap¬ 
proach.  , 
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so  many  vagaries  of  the  human  mind,  unworthy  of  sober 
attention. 

But  astronomers  are  enabled,  by  knowing  the  bulks, 
distances,  and  periods  of  the  several  planets,  to  de¬ 
termine  their  relative  density ;  though  the  real  density, 
with  reference  to  any  particular  substance  on  the  earth, 
will  probably  remain  for  ever  unknown. 

The  law  of  planetary  aggregation,  as  established  by 
Sir  Richard  Phillips  (to  whom  we  are  indebted  for  the 
preceding  observations),  proves  that  the  circle  of  rota¬ 
tion  of  every  part  of  the  earth  is  necessarily  inversely  as 
its  density.  Thus,  at  the  equator,  atmospheric  air  is 
carried  round  at  the  surface,  or  twenty-five  thousand 
miles  in  twenty-four  hours,  with  little  inclination  to 
move  lower,  and  the  common  force  (like  that  of  a  hand 
turning  a  horizontal  wheel),  which  carries  round  the 
whole  earth,  is  not  competent  to  carry  an  equal  bulk  of 
lead  through  the  same  circuit;  consequently,  if  a  bulk  of’ 
lead  were  in  the  same  situation  as  an  equal  bulk  of  the 
atmosphere,  the  common  force  would  not  carry  it,  and  it 
would  be  precipitated  to  such  a  distance  from  the  centre, 
as  accorded  with  the  difference  between  its  weight  and 
that  of  an  equal  bulk  of  atmosphere  having  no  weight. 
Hence,  the  momenta  of  bodies  of  different  densities, 
while  revolved  by  a  common  force,  is  equal,  or  seeks  to 
become  so,  it  being  at  the  same  time  remembered,  that 
the  whole  earth  is  moving  in  its  orbit  with  a  velocity 
sixty  times  greater. 

We  are  hence  to  conclude,  that  as  all  bodies  which 
are  heavier  than  air  (of  a  density  somewhat  lighter  than 
that  of  the  surface)  are  forced  to  adjust  themselves 
nearer  the  centre  than  we  find  them,  so  all  the  parts  of 
the  earth  have  a  continued  disposition  to  consolidate,  and 
would  therefore  exhibit  effects  constantly  ruinous  to  the 
inhabitants  of  the  surface,  were  not  the  whole  built  up 
(so  to  speak)  from  the  centre  to  the  surface,  of  solid 
masses,  which,  for  any  thing  we  know  to  the  contrary, 
may  consist  of  those  primitive  rocks  which  peep  througn 
the  heterogeneous  and  compounded  surface  in  Hima* 
layas,  Andes,  Alps,  Pyrenees,  &c.  We  shall  proceed, 
therefore,  to  exhibit  what  is  known  of  these,  and  then 
treat  of  those  classes  of  rocks  and  earthy  compositions, 
which  in  the  progress  of  time  have,  by  their  own  actions 
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and  re-actions,  and  by  the  operations  of  air  and  water, 
produced  what  in  the  popular  sense  is  called  the  surface 
of  our  planet. 

Primitive  Rocks . 

Primitive  Rocks  lie  under  the  rocks  of  the  upper 
surface,  but,  owing1  to  the  inequalities  of  their  original 
forms,  frequently  rise  through  them,  often  very  high,  as 
mountains  and  mountain  chains.  Countries  composed  of 
primitive  rocks  are  more  rugged  and  lofty,  their  cliffs 
more  extensive,  valleys  narrower,  deeper,  and  more 
uneven,  than  those  in  secondary  mountains.  The  strata, 
frequently  highly  inclined,  contribute  to  increase  the 
ruggedness  and  inequalities  of  the  surface.  The  pri¬ 
mitive  strata  in  many  countries  maintain  a  remarkably 
uniform  direction ;  in  Scotland,  this  generally  is  from 
1ST.  E.  to  S.  W. ;  and  the  same  nearly  in  the  vast  alpine 
regions  of  Norway,  and  in  many  other  of  the  Ioftv  pri¬ 
mitive  lands  in  Europe.  In  Scotland,  the  direction  is 
so  invariable,  in  both  the  primitive  and  transition  strata, 
as  to  serve  travellers  in  place  of  a  compass,  through 
the  mountain  wilds  of  the  Highland  regions.  The 
rocks  which  compose  primitive  mountains  and  plains, 
are  of  a  crystalline  nature,  and  present  characters  of 
their  formation  from  a  state  of  solution :  these  charac¬ 
ters  are — the  intermixture  of  the  component  concre¬ 
tions  at  their  line  of  junction;  their  mutual  penetration, 
considerable  lustre,  pure  colours,  and  great  translu- 
cency.  Thus,  in  granite,  the  concretions  of  felspar, 
quartz,  and  mica,  are  joined  without  any  basis  ;  and  at 
their  line  of  junction,  are  either  merely  closely  attached, 
or  intermixed ;  and,  often  branches  of  the  one  concre¬ 
tion  shoot  into  the  other,  occasioning  a  mutual  inter¬ 
lacement,  as  observed  in  bodies  formed  simultaneously, 
and  from  a  state  of  solution.  These  characters  show 
that  the  concretions  of  granite  (and  the  same  applies 
to  the  concretions  in  limestone,  gneiss,  mica-slate,  and 
other  rocks  of  the  primitive  class)  are  crystalline,  and 
have  been  formed  at  the  same  time. 

The  strata  are  so  arranged  in  mountains,  one  set  including  another, 
as  to  render  it  probable,  that  their  seams  are  not  a  mechanical  effect, 
but  produced  the  same  as  the  seams  of  distinct  concretions,  or  the 
surfaces  of  crystals.  These  strata,  collected  in  groups,  cause  forma¬ 
tions,  as  gneiss  or  raica-slate ;  and,  where  the  rock  is  not  distinctly 
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stratified,  it  exhibits  such  characters  as  point  it  out  in  a  formation  in 
the  grand  series,  which  forms  the  crust  of  the  earth.  The  rock  for¬ 
mations  in  primitive  countries,  though  well  marked  and  distinguished 
by  general  and  particular  characters,  are  not  isolated,  or  unrelated ; 
but,  as  they  approach  and  join,  we  find  gradual  transitions  of  the 
one  into  the  other,  or  intermixtures  and  interlacings  at  their  great 
lines  of  junction.  No  true  primitive  rock  appears  foreign  to  the 
others,  or  exhibits  characters  intimating  a  different  mode  of  formation. 
Thus  granite  (by  some  considered  a  kind  of  lava, and  therefore  formed 
different  from  gneiss  or  mica-slate)  passes  into  and  is  intermixed  with 
the  surrounding  rocks,  and  therefore  has  been  similarly  formed. 

Primitive  rocks  are  distinguished  from  the  other  classes,  by  the  ab¬ 
sence  of  all  fossil  organic  remains.  Whence  the  inference,  that  or¬ 
ganic  beings  had  not  been  called  into  existence  during  the  formation 
of  primitive  rocks ;  and  that  there  was  a  time,  in  the  history  of  the 
formation  of  our  planet,  when  plants  and  animals  did  not  exist. 
Though  traces  of  organic  life  do  not  occur  in  primitive  rocks,  yet 
they  afford  beds  of  a  kind  of  coal  (glance  coal),  composed  almost  en¬ 
tirely  of  carbon,  a  substance  often  considered  as  peculiar  to  the 
organic  kingdom,  and  when  found  in  the  mineral  kingdom,  supposed 
to  be  traceable  to  previously  existing  organic  beings.  This  opinion  is 
disproved,  by  these  facts,  and  the  occurrence  of  carbon  in  horn¬ 
blende,  slate,  and  other  primitive  minerals.  Here  then  is  the  forma¬ 
tion  of  carbon,  independent  of  animal  and  vegetable  agency. 

Limestone  has  been  considered  as  entirely  the  result  of  animal  ac¬ 
tion  ;  and  the  various  formations,  whether  in  primitive  or  secondary 
mountains,  are  viewed  as  accumulations  of  altered  shells  or  corals. 
But  as  neither  occur  in  primitive  mountains,  which  often  contain  ex¬ 
tensive  beds  of  limestone  ;  and  as  lime  is  a  constituent  of  most  simple 
minerals  composing  primitive  rocks ;  therefore,  lime,  like  carbon,  is 
an  original  substance  in  primitive  mountains,  and  has  been  formed  at 
times  independent  of  animals. 

The  two  most  abundant  alkalies,  viz.  sodium  and  potash,  occur  in 
primitive  mountains,  but  of  these,  potash  is  most  frequent  and  abun¬ 
dant.  Before  Klaproth’s  discovery  of  potash  in  lepidolite,  a  primi¬ 
tive  mineral,  this  alkali  was  considered  as  entirely  a  vegetable  pro¬ 
duction,  but  no  vegetable  remains  occur  in  primitive  rocks;  therefore, 
the  potash  has  been  formed  by  some  other  agency. 

Phosphate  of  lime,  an  important  constituent  of  the  higher  animals, 
^Vas  long  maintained  to  be  exclusively  an  animal  production ;  its  dis¬ 
covery  in  some  vegetables,  demonstrated  its  occasional  production  in 
some  tribes  of  plants ;  and  then  it  was  believed  to  be  either  of  animal 
or  vegetable  origin.  But  geologists,  by  discovering  apatite,  or  phos¬ 
phate  of  lime,  in  primitive  mountains,  prove  its  existence  in  nature, 
independent  of  organic  agency. 

Primitive  rocks  abound  in  metalliferous  minerals,  and 
hitherto  no  metal  has  been  found,  not  occurring  exclu¬ 
sively,  or  occasionally,  in  this  class  of  rocks.  Tin, 
wolfran,  and  molybdena,  occur  oftener  in  these  rocks 
than  in  others.  Gold,  silver,  lead,  copper,  iron,  co¬ 
balt,  zinc,  manganese,  arsenic,  and  mercury,  occur 
either  disseminated,  in  beds  and  veins,  or  imbedded,  in 
various  primitive  rocks;  and  many  primitive  districts  are 
characterized  by  their  metalliferous  repositories ;  as 
Strontian,  by  its  particular  venigenous  formation  of 
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galena,  or  lead-glance;  Konigsberg,  in  Norway,  by  its 
group  of  veins  of  silver-ore;  and  the  primitive  gneiss 
rocks  of  Arendal  and  Lapland,  by  their  beds  of  magnetic 
iron-ore. 

The  most  beautiful  mineral  productions,  the  gems,  occur  in  great 
variety  in  primitive  rocks.  Nothing  can  be  more  beautiful  than  the 
cavities  in  primitive  mountains,  whose  walls  are  lined  with  pure 
and  variously  coloured  and  crystallized  topaz,  beryl,  and  rock  cos¬ 
tal  ;  the  gneiss,  granite,  and  mica-slate,  with  their  imbedded  grains 
and  crystals  of  sapphire,  chrysoberyl,  and  garnet;  and  the  veins  in 
granite,  clay-slate,  and  other  primitive  rocks,  with  their  emeralds, 

axinite,  and  spiral  ruby.  _  . 

But  the  most  precious  of  all,  the  diamond,  is  wanting  m  primitive 
regions.  Judging  from  its  splendid  lustre,  pure  and  beautiful  co¬ 
lours,  high  translucency,  and  great  hardness,  it  might  be  expected  to 
occur  in  the  cavities  or  veins  of  primitive  rocks;  but,  it  appears  only 
in  alluvial  deposits  of  gravel,  clay,  and  sand,  of  new  formation,  im¬ 
mensely  removed  from  those  that  form  the  grand  basis  of  the  earth’s 
crust,  thus  intimating  its  recent  origin. 

Hence  the  knowledge  of  these  rocks  is  highly  interesting,  in  an 
economical  point  of  view.  The  richest  and  most  important  mines,  are 
situated  in  primitive  rocks  ;  statuary  marble,  and  the  various  granites, 
porphyries,  and  serpentines,  so  valued  in  the  arts,  and  the  gems,  so 
distinguished  by  their  beauty  of  lustre,  colour,  and  great  hardness, 
are  principally  contained  in  the  primitive  formations. 

Different  Primitive  Rocks, 

The  following  rocks  occur  in  primitive  mountains  ; 
granite,  porphyry,  trap,  serpentine,  limestone,  gneiss, 
mica-slate,  clay-slate,  and  quartz  rock. 

These  rocks  are  very  simple,  being  composed  of  live 
minerals, — (described  in  their  proper  place  among 
Stones ) — -quartz,  felspar,  mica,  hornblende,  and  lime¬ 
stone  ;  some  rocks  are  composed  of  one  simple  mineral, 
as  quartz  rock ;  others  of  two,  as  mica-slate,  a  com¬ 
pound  of  mica  and  quartz ;  and  others,  as  granite,  of 
three,  quartz,  felspar,  and  mica. 

1.  Granite ;  a  granular  compound  of  felspar,  quartz, 
and  mica ;  syenite  is  a  variety,  with  the  addition  of  horn¬ 
blende.  This  is  the  most  imposing  mass  of  aggregated 
substances,  and  appears  in  nature  in  immense  vertical 
blocks,  heaped  up  into  a  homogeneous  vehicle.  In  its 
rough  state,  it  has  a  greyish  aspect,  with  nothing  re¬ 
markable  ;  but  when  fashioned,  there  appear  brilliant 
points  with  metallic  reflections,  and  strong  glaring  co¬ 
lours  from  a  dark  ground,  where  the  luminous  rays 
either  lose  themselves,  or  are  reflected  in  fasciculi.  Its 
close  grain,  the  strong  adherence  of  its  atoms,  its  unc¬ 
tuous  lustre,  and  capability  of  fine  polish,  render  it 
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useful  to  perpetuate  the  power  of  individuals,  and  the 
civilization  of  nations. 

Mont  Blanc  being  the  most  remarkable  granitic  moun¬ 
tain  on  the  globe,  a  short  account  of  it  may  be  appro¬ 
priate. 

Its  height  is  about  15,562  feet;  and,  considered  as  an 
integral  elevation,  independent  of  measurement  from 
the  level  of  the  sea,  it  is  probably  the  highest  on  the 
globe.  The  base  of  Chimborazo  is  more  than  10,000 
feet  above  the  level  of  the  sea,  which  gives  the  moun¬ 
tain  its  superior  elevation,  while  its  mass  is,  in  fact, 
considerably  less  elevated. 

It  is  encompassed  by  those  wonderful  collections  of 
snow  and  ice,  called  “  glaciers.”  The  highest  part, 
named  the  Dromedary,  has  the  shape  of  a  compressed 
hemisphere  ;  it  sinks  gradually,  and  presents  a  concave 
surface  of  snow,  with  a  small  pyramid  of  ice  in  the 
midst.  It  then  rises  into  a  second  hemisphere, — the 
Middle  Dome ;  and  thence  descends  into  another  con¬ 
cave  surface,  terminating  in  a  point,  regarded  as  the  in¬ 
ferior  dome,  among  other  names,  by  the  Savoyards, 
styled  “  Dome  de  Goute.” 

The  first  successful  attempt  to  reach  the  summit  was 
in  August,  1786.  Doctor  Paccard,  a  physician  of  Cha- 
mouni,  was  led  to  make  the  attempt,  by  a  guide,  named 
Balma,  in  searching  for  crystals,  discovering  the  only 
practicable  route  for  accomplishing  so  arduous  an  under¬ 
taking.  The  ascent  occupied  fifteen  hours,  and  the 
descent  five,  under  circumstances  of  great  difficulty; 
the  Doctor  and  his  guide,  Balma,  being  almost  blinded 
by  the  snow  and  wind ;  their  faces  were  excoriated, 
and  their  lips  exceedingly  swelled*. 

On  the  first  of  August,  1787,  the  celebrated  and  in¬ 
defatigable  naturalist,  Saussure,  set  out  on  his  success¬ 
ful  expedition,  accompanied  by  a  servant  and  eighteen 
guides,  who  carried  a  tent,  mattresses,  and  the  neces¬ 
sary  accommodations,  and  various  instruments  of  ex¬ 
perimental  philosophy.  The  first  night  they  passed 
under  the  tent,  on  the  summit  of  the  mountain  of  La 


*  Two  English  gentlemen,  whom  I  have  the  pleasure  of  knowing, 
were  on  the  spot  at  this  period,  and  they  affirm,  that  the  guide  had 
been  on  the  summit  of  the  mountain  before  he  conducted  Paccard  or 
Saussure  thither.  Editor. 
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C6te,  4986  feet  above  “  the  Priory,”  a  large  village  in 
the  vale  of  Chamouni ;  the  journey  thither  being  ex¬ 
empt  from  trouble  or  danger,  the  ascent  being  always 
over  turf,  or  on  the  solid  rock ;  but  above  this  place 
wholly  over  ice  or  snows. 

Early  next  morning,  to  gain  the  foot  of  a  small  chain 
of  rocks,  enclosed  in  the  snows  of  Mont  Blanc,  they 
traversed  the  glacier  of  La  C6te,  which  is  both  difficult 
and  dangerous  ;  intersected  by  wide,  deep,  irregular 
chasms,  frequently  passable  only  by  three  bridges  of 
snow  over  the  abyss*  After  reaching  the  chain,  the 
tract  winds  along  a  valley,  filled  with  snow,  ex¬ 
tending,  north  and  south,  to  the  foot  of  the  highest 
summit,  and  divided  at  intervals  by  enormous  crevices. 
These  shew  the  snow  disposed  in  horizontal  beds,  each 
answering  to  a  year;,  and,  notwithstanding  the  width 
of  the  fissures,  the  depth  can  in  no  part  be  measured. 
At  four  in  the  afternoon,  the  party  reached  the  second 
of  the  three  great  platforms  of  snow  they  had  to  tra¬ 
verse,  and  here  they  encamped  at  the  height  of  9312 
feet  above  the  Priory,  or  12,768  feet,  (nearly  two  miles 
and  a  half,)  above  the  level  of  the  sea. 

From  the  centre  of  this  platform,  enclosed  between 
the  farthest  summit  of  Mont  Blanc,  south,  its  high 
steps,  or  terraces,  east,  and  the  Dome  de  Goute,  west, 
is  seen  only  snow  ;  quite  pure,  of  a  dazzling  whiteness, 
and  presenting  a  singular  contrast  with  the  sky,  which, 
in  these  elevated  regions,  is  almost  black.  Here  is  no 
living  being;  no  appearance  of  vegetation;  it  is  the 
abode  of  cold  and  silence.  “  When,”  says  M.  de  Saus- 
sure,  “  I  represent  to  myself  Dr.  Paccard  and  James 
Balma,  first  arriving,  on  the  decline  of  day,  in  these 
deserts,  without  shelter,  assistance,  or  even  the  cer¬ 
tainty  that  men  could  live  in  the  places  they  proposed 
to  reach,  yet  pursuing  their  career  with  unshaken  intre¬ 
pidity,  it  seems  impossible  to  admire  too  much  their 
courage  and  magnanimity.” 

The  company  departed,  at  seven  the  next  morning, 
to  traverse  the  third  and  last  platform,  whose  slope  is 
extremely  steep,  being  in  some  places  thirty-nine  de® 
grees.  It  terminates  in  precipices  on  all  sides ;  and 
the  surface  of  the  snow  was  so  hard,  that  the  foremost 
were  obliged  to  cut  places  for  the  feet  with  hatchets. 
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The  last  slope  presents  no  danger ;  but  the  air  is  so 
highly  rarefied,  that  the  strength  is  speedily  exhausted ; 
and,  on  approaching  the  summit,  it  was  necessary  to 
stop  at  every  fifteen  or  sixteen  paces  to  take  breath. 
At  eleven  they  reached  the  top  of  the  mountain,  where 
they  continued  four  hours  and  a  half,  during  which 
time  M.  de  Saussure  enjoyed,  with  rapture  and  astonish¬ 
ment,  a  view  the  most  extensive,  as  well  as  the  most 
rugged  and  sublime,  in  nature,  and  made  those  obser¬ 
vations  which  have  rendered  this  expedition  important 
to  philosophy. 

The  naked  rocks  there  met  with,  and  which  form 
arrets  or  crests,  of  a  black  colour,  are  granites, 
here  detached  in  scattered  fragments,  there,  in  solid 
rocks,  divided  by  fissures  nearly  vertical.  The  felspar 
which  enters  into  the  composition  of  these  rocks  is 
white,  approaching  to  grey,  or  green,  or  reddish,  here 
pure,  there  covered  or  even  mixed  with  a  substance  of 
a  grey  or  greenish  colour.  The  whitish,  semi-transpa¬ 
rent  quartz,  which  enters  into  the  composition  of  this 
granite,  appears  a  little  unctuous  in  its  fracture ;  and  ’ 
is  more  fusible  than  rock  crystal.  These  granites  are 
often  mixed  with  hornblende,  here  whitish,  there  in¬ 
clining  to  green.  Chlorite  also  is  seen,  often  of  a 
blackish  green,  in  veins,  nests,  and  even  in  masses. 
It  is  soft,  but  not  friable,  and  a  very  fine  grain ;  and 
its  small  particles,  viewed  by  the  microscope,  seem  to 
be  very  translucent  thin  plates,  of  a  bright  green. 

Some  of  these  granites  appear  curious;  having  small  irregular  and 
angular  cavities,  full  of  a  brown  dust.  In  breaking  these  granites, 
in  their  interior  are  small  pyrites,  brown  and  dull  on  the  outside,  but 
brilliant,  and  of  a  pale  yellow  within,  affecting  the  magnet.  Also 
there  is  quartz,  with  veins  and  nests  of  actinote,  in  rather  confused 
crystals.  In  some  parts,  the  granite  degenerates  into  irregular  schis¬ 
tous  rocks,  of  quartz  and  felspar,  without  mica;  the  layers  separated 
and  covered  with  an  argillaceous  earth.  Primitive  petrosilex,  of  a 
greenish  grey  colour,  was  also  found  among  them. 

A  light  vapour,  suspended  in  the  low  er  regions  of  the  air,  concealed 
from  the  sight  the  lowest  and  most  remote  objects,  such  as  the  plains  of 
France  and  Lombardy  ;  but  the  whole  surrounding  assemblage  of  high 
summits,  appeared  with  the  greatest  distinctness. 

M.  de  Saussure  descended  with  his  party,  and  the  next  morning 
reached  Chamouni,  without  the  smallest  accident.  As  they  had  taken 
the  precaution  to  wear  crape  veils,  their  faces  were  not  excoriated, 
nor  their  sight  debilitated.  The  cold  was  not  found  so  extremely 
piercing  as  described  by  Dr.  Paccard.  By  experiments  with  the  hy¬ 
grometer,  on  the  summit,  the  air  was  found  to  contain  only  a  sixth 
portion  of  the  humidity  of  that  of  Geneva;  to  which  dryness,  M.  d© 
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Saussure  fmpute9  the  burning  thirst  he  and  his  companions  experienced 
The  balls  of  the  electrometer  diverged  three  lines  only,  and  the  elec¬ 
tricity  was  positive.  It  required  half  an  hour  to  make  water  boil, 
while  at  Geneva,  fifteen  or  sixteen  minutes  sufficed,  and  twelve  or  thir¬ 
teen  at  the  sea  side.  Not  any  of  the  party  discovered  the  smallest  dif¬ 
ference  in  the  taste  or  smell  of  bread,  wine,  meat,  fruits,  or  liquors  | 
(as  some  travellers  have  pretended  is  the  case  at  great  heights;)  but 
sounds  were  much  weakened,  from  the  want  of  objects  of  reflection. 
Of  all  the  organs,  that  of  respiration  was  the  most  affected,  the  pulse 
of  one  of  the  guides  beating  ninety-eight  times  in  a  minute,  that  of  the 
servant  one  hundred  and  twelve,  and  that  of  M.  de  Saussure  one  hundred 
and  one  ;  while  at  Chamouni,  the  pulsations  respectively  were  forty- 
nine,  sixty,  and  seventy-two.  A  few  days  afterwards,  Mr.  Beaufoy, 
an  English  gentleman,  succeeded  in  a  similar  attempt,  although  it  was 
attended  with  greater  difficulty,  arising  from  enlargements  in  the 
chasms  in  the  ice. 

2.  Porphyry ,  equally  prized  with  granite,  composed  of 
a  basis  containing  crystals  of  felspar  of  different  colours 
and  sizes,  and  sometimes  of  quartz  and  hornblende ;  how¬ 
ever,  only  imbedded  one  in  the  other,  instead  of  being, 
as  in  granite,  so  dissolved  as  to  crystallize  confusedly. 
It  was  long  supposed,  that  the  base  or  ground  of  por¬ 
phyry,  was  jasper ;  but  it  is  ascertained  to  be  trap.  In 
this  is  found  hornblende,  or  corneene ,  colouring  the 
compound ;  and  a  seeming  mixture  of  silica  and  mag¬ 
nesia; — thus,  in  porphyry,  the  components  have  not 
reached  the  term  of  crystallization,  except  the  felspar. 
After  the  red,  grey,  and  black  porphyry,  most  esteemed, 
come  the  ophite  or  green  serpentine,  of  which,  ancient 
monuments  present  several  varieties. 

Porphyroid  is  a  porphyry  with  petrosiliceous  or  mag¬ 
nesian  paste ;  while  the  porphyrites,  besides  their  crys¬ 
tals  not  being  of  felspar,  present  in  their  elements  a 
confused  mixture,  preventing  the  distinction  of  the 
paste  from  the  crystals.  All  these  rocks  mostly  meet 
in  granite;  but  granite  is  also  sometimes  incased  in 
porphyry,  in  general  less  abundant. 

The  magnesian  rocks  are  of  the  same  formation;  their  elements, 
destined  to  the  same  end,  have  not  attained  it  from  accidental  causes, 
and  have  formed  distinct  masses,  in  a  manner  sunk  in  the  larger  masses 
of  granite  which  surround  them,  and  which  they  sometimes  penetrate. 
These  are  trap ,  serpentine ,  amygdalyte . 

3.  Trap .  This  name  is  given,  because  these  rocks, 
on  exposure  to  the  air,  assume  the  form  of  steps.  They 
are  composed  of  grunstein ,  greenstone,  and  horn¬ 
blende  ;  the  former  by  addition  of  felspar  to  the  latter. 

4.  Serpentine,  is  dark  green  rock.  The  amygdalyte y 
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(or  maudelstein  oi  Werner),  is  a  glandulous  rock,  com¬ 
posed  of  trap  and  jasper,  with  glands,  which,  being 
sometimes  empty,  gives  these  rocks  the  aspect  of  lava. 
The  paste  and  kernels  vary  in  their  nature ;  sometimes 
the  paste  is  grey  grunstein,  seeded  with  points  of  cal¬ 
careous  spar ;  or  this  with  a  brown  grunstein ;  as  the 
variolite  of  the  dree,  and  toadstone ;  or  petrosilex  with 
light  brown  kernels  ;  or  greenish  ophite  with  white  ker¬ 
nels  ;  as  in  the  varioliles  of  the  Loire  and  Darance. 
All  the  amygdalytes  are  of  the  same  formation  as  the 
granites,  in  which  they  are  confusedly  mixed,  and 
from  which  the  small  stones  often  met  with,  have  been 
detached  by  the  waters,  which  carry  them  away  into 
the  beds  of  rivers. 

>  5.  Limestone .  This  rock  has  generally  a  greyish 
colour,  is  composed  of  shining  granular  concretions, 
more  or  less  translucent.  In  this  formation,  there  ne¬ 
cessarily  were  superabundant  principles,  which  re¬ 
mained  untouched  among  those  destined  to  concur  in 
it.  Such  are  the  calcareous  called  primitive,  in  which 
we  recognise  signs  of  a  confused  crystallization,  even 
in  their  smallest  parts.  These  calcareous  principles, 
which  are  statuary  marble,  are  in  large  blocks,  very 
much  raised,  and  irregular;  sometimes  incased  in  other 
rocks,  and  sometimes  forming  external  bands.  Their 
distinctive  character  is,  never  to  offer  the  least  vestige 
of  shells  or  other  fossils. 

6.  Gneiss ,  differs  from  granite  only  by  a  greater  pro¬ 
portion  of  mica,  which  renders  it  more  alterable,  and 
of  a  less  close  texture,  being  a  granular  slaty  compound 
of  felspar,  mica,  and  quartz.  One  of  the  most  inte¬ 
resting  kinds  is  that  with  red  felspar,  sometimes  of  a 
wavy  or  undulated  structure. 

7,  8,  9.  Mica  slate,  clay  slate,  and  quartz  rock,  a  e 
described  in  their  places  among  stones. 

The  circumstances  already  stated,  warrant  the  sup¬ 
position,  that  the  formation  of  the  mountains  was  ef¬ 
fected  by  rising,  and  not  by  crystallization.  When  it 
began,  there  was  no  mass  of  water  on  the  globe ;  thfe 
elements  only  lately  in  contact,  were  not  yet  completely 
modified  ;  the  actions  had  more  intensity,  and  were  ex¬ 
erted  in  all  their  plenitude.  The  fluids  penetrated  the 
mass  of  the  globe  to  a  certain  d  q>tb,  and  the  atoms 
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detached  from  it  were  dissolved  in  the  void  ;  they  lost 
their  primitive  character,  and  passed  from  a  metallic  to 
an  earthy  state ;  a  sort  of  oxydation  analogous  to 
what  takes  place  now.  Soon  re-action  succeeded;  the 
atoms  which  came  off  last  were  the  least  altered ;  the 
expansive  force  grew  weaker  by  exertion  ;  re- action 
pi  evaded  in  its  turn;  and  the  oxydized  atoms  tending* 
towards  the  centre,  collected  round  the  nucleus  by 
compressing  the  fluids  which  held  them  in  solution. 
From  that  moment  the  atmosphere  existed,  and  re¬ 
tained  a  small  part  of  the  atoms,  which  having  been 
the  first  dissolved,  could  not  approximate  sufficiently  to 
partake  in  the  precipitation  of  the  others.  Yet  the 
earth  moved  according  to  the  laws  which  carry  it  now 
in  its  annual  orbit.  The  centripetal  force  of  the  fluids 
from  the  circumference  to  the  centre,  developed  itself 
*  with  the  rotatory  motion.  Compressed  by  the  precipi¬ 
tated  atoms  which  they  had  formerly  dissolved,  the 
fluids  endeavoured  to  disengage  themselves  ;  and  there¬ 
by  raised  all  that  part  of  the  globe  primitively  altered 
or  oxydated,  so  that  the  highest  elevations  rose  on  the 
equatorial  line,  while  the  polar  regions  exhibited  only 
swells  and  rugosities. 

The  eaith  then  had  the  aspect  of  an  arid  surface, 
horribly  cut  up,  surmounted  by  enormous  mountains,' 
and  rugged  with  deep  and  extended  precipices,  such 
as  appear,  through  the  telescope,  on  the  moon  and 
some  planets.  The  ocean  was  not  yet  formed ;  the 
aqueous  vapours  did  not  float  in  the  atmosphere;  no 
river  flowed  on  the  earth’s  surface.  But  scarcely  was 
the  granitic  crust  raised,  when  a  part  of  the  compressed 
fluids  escaped  from  the  bosom  of  the  earth  ;  frictions 
succeeded  ;  fire  appeared ;  the  gases  allowed  their  im¬ 
ponderable  fluids  to  exhale;  their  bases  combined,  wa¬ 
ter  was  formed,  and  occupied  the  cavities  of  the  °’lc>be. 
The  mountains  thus  most  raised  between  the  tropics,' 
there  also  were  formed  the  greatest  depths  of  the 
ocean. 

The  globe  was  then  divided  into  three  great  masses  * 
—the  Atmosphere,  Ocean,  and  Earth ;  but  the  latter 
was  a  mere  sketch,  that  was  to  have  successive  deve¬ 
lopments,  by  the  exchanges  commenced.  The  vo¬ 
lumes  of  the  atmosphere  and  ocean,  were  then  more 
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considerable,  because  their  mixture  with  the  earth  was 
just  begun,  and  the  quantity  of  air  or  water  they  were 
to  furnish  to  the  subsequent  compounds,  had  not  yet 
been  drawn  from  them.  Consequently  the  ocean  at¬ 
tained  a  higher  level ;  with  more  extended  motions, 
violent  agitations,  and  intense  dissolving  power.  To  the 
granitic  formation,  its  basin  was  attacked ;  the  vitreous 
parts  were  reduced  to  sand ;  the  calcareous  and  magne¬ 
sian  parts  were  melted  and  kneaded ;  metallic  atoms, 
detached  from  their  ores,  mixed  with  them ;  and  the 
whole  formed  that  incoherent  assemblage,  by  Werner, 
named  Transition  Rocks. 

Transition  Rocks. 

Transition  rocks  succeed  to  the  primitive ;  and  gene¬ 
rally,  in  this  country,  occupy  a  higher  level  than  the 
secondary,  but  a  lower  one  than  the  primitive  forma¬ 
tions.  Their  mountains,  mountain-ranges,  mountain- 
groups,  and  cliffs,  are  more  rugged  than  those  of  the 
secondary,  but  less  so,  and  of  softer  outlines,  than  the 
primitive  rocks.  Their  valleys  are  wider,  and  their 
sides  less  rugged  and  abrupt,  than  those  of  primitive 
mountain-groups. 

Most  of  the  rocks  are  distinctly  stratified,  the  strata 
frequently  vertical;  and,  like  the  primitive,  exhibit  the 
same  general  direction  through  great  tracks  of  country. 
Thus,  the  strata  in  the  great  high  land,  which  ranges 
from  St.  Abb’s  Head  to  the  Irish  Sea,  almost  entirely 
transition  rocks,  range  everywhere  nearly  from  N.  E. 
to  S.  W. 

Though  most  transition  rocks  appear  formed  from  a 
state  of  solution,  and  therefore  possess  the  crystalline 
character,  yet  their  crystallization  appears  to  be  less 
perfect  than  in  the  primitive  rocks,  because  the  compo¬ 
nent  parts  have  less  lustre,  inferior  hardness,  translu- 
cency,  and  colours  of  less  purity,  than  primitive  rocks ; 
in  short,  these  rocks  have  more  of  earthy  aspect,  and 
of  fragment  character,  intimating  lower  crystallization, 
than  the  primitive.  But  these  rocks  are  further  distin¬ 
guished  from  the  primitive,  by  the  very  important  cir¬ 
cumstance  of  containing  fossil  organic  remains,  petri¬ 
factions  of  corals  and  shells,  animal  productions,  low  in 
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the  zoological  scale;  vegetable  remains,  of  the  most 
simple  construction,  as  cryptogamia,  and  therefore,  at 
the  bottom  of  the  botanical  scale.  Hence  it  follows, 
that  the  more  simple  animals  and  vegetables  were  first 
called  into  existence,  and  that  their  creation  did  not 
take  place  until  the  period  of  the  formation  of  transi¬ 
tion  locks.  Coals  similar  to  those  in  the  precedin'3' 
class,  also  occur  in  transition  rocks  ;  and  numerous  ex¬ 
tensive  beds  of  limestone  (sometimes  containing  organic 
remains)  in  some  districts  often  occur.  Transition  rocks 
frequently  abound  in  various  ores,  generally  disposed  in 
veins.  The  mining  districts  of  the  Leadhills  and  Wan- 
lock-head,  near  Edinburgh,  so  rich  in  galena,  or  lead- 
glance,  are  in  transition  rocks.  The  rich  lead  and  sil¬ 
ver  mines  in  the  Hartz,  and  many  of  those  in  Mexico, 
are  in  similar  rocks. 

The  gems  which  appear  in  so  many  interesting  forms 
and  relations,  in  the  strata  and  veins  of  primitive  moun¬ 
tains,  are  rare  in  the  transition. 

The  abundant  occurrence  of  ores  in  this  class  of 
rocks;  their  extensive  deposits  of  limestone,  particu- 
variegated  kinds,  so  highly  prized  for  orna¬ 
mental  purposes;  their  fine  granites  and  porphyries,  are 
sufficient  proofs  of  their  importance  in  the  arts. 

The  following  rocks  belong  to  this  class;  greywacke, 
clay-slate,  limestone,  trap,  granite,  syenite,  porphvry, 
serpentine,  gneiss,  mica-slate,  and  quartz-rock. 

1.  Greywacke  is  a  conglomerated  looking  rock,  with 
a  basis  of  clay-slate,  including  angular  and  various 
shaped  portions  (by  many  considered  as  fragments)  of 
clay-slate,  flinty-slate,  quartz,  felspar,  &c.  and  occasion¬ 
ally,  scales  of  mica.  When  the  imbedded  masses  be¬ 
come  small,  and  the  mass  slaty,  it  is  named  greywacke - 
slate. 

2.  day -slate.  — — T h i s  rock  is  of  the  same  general  na¬ 
ture  with  primiti  ve  clay-slate,  but  differs  from  it  in  having 
less  lustre,  and  in  sometimes  containing  fossil  plants  and 
fossil  shells. 

3.  Limestone.— It  is  more  compact,  and  much  smaller 
granular,  and  therefore  has  less  lustre,  and  lower  trans- 
lucency,  than  the  primitive  limestone.  It  is  frequently 
traversed  by  veins  of  calcareous  spar,  and  often  exhibits, 
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in  the  same  bed,  various  tints  and  shades  of  beautiful 
colours.  Some  varieties  are  conglomerated,  forming 
the  brecciated  marble  of  artists,  and  others  contain  fossil 
shells  and  corals. 

The  Egyptian  breccia  contains  large  pebbles  of  jas¬ 
per,  granite,  and  porphyry.  That  from  Dunstafnaye,  in 
Scotland,  where  it  forms  romantic  rocks,  of  peculiarly 
abrupt  aspect,  consists  of  white  quartz,  green  or  black 
trap,  porphyry  and  basaltin.  The  celebrated  pudding 
atone,  found  only  in  Hertfordshire,  appears  rather  an 
original  rock  ;  because  the  pebbles  do  not  seem  to  have 
been  rolled  by  water,  which  would  have  worn  off 
the  substances,  in  various  directions ;  whereas  the  co¬ 
loured  circlets  are  always  entire,  and  parallel  with  the 
surface,  like  those  of  agates.  If  not  the  first,  it  ranks 
very  high,  in  beauty,  among  rocks  ;  consisting  of  crys¬ 
tals  of  various  colours,  in  a  siliceous  cement,  brown, 
black,  dark  blue,  the  more  beautiful  yellow,  and  red, 
and  the  rarest,  green:  sometimes  approaching  to  trans¬ 
parent  quartz,  at  others,  itself  a  breccia,  of  very  minute 
fragments  or  crystals. 

4.  Trap. — This  rock,  like  that  of  the  primitive  class, 
is  principally  composed  of  hornblende,  and  is  sometimes 
associated  with  felspar,  forming  transition  greenstone. 

5.  Granite ,  Syenite  and  Porphyry.— These  have  the 
same  composition  as  in  the  primitive  class  ;  and,  inde¬ 
pendent  of  the  characters  derived  from  their  mass,  and 
their  particular  imbedded  minerals  and  veins,  are  dis¬ 
tinguished  by  the  greywacke,  with  which  they  are  asso¬ 
ciated. 

6.  Gneiss  and  Mica  Slate. — These  rocks  occasionally 
occur  associated  with  the  greywacke,  and  other  mem¬ 
bers  of  this  class. 

7.  Serpentine  and  Quartz  Rock. — These  very  nearly 
resemble  those  of  the  primitive  class;  but  are  distin¬ 
guished  from  them,  by  their  connexion  with  grey¬ 
wacke,  &c. 

This  formation,  on  depositing,  forced  the  ocean  to 
descend  to  a  lower  level,  where  one  portion  of  the 
waters  combined  with  these  new  matters  ;  or  another, 
kept  stagnant,  between  the  interstices,  and  formed 
lakes;  or  a  third,  penetrated  the  fissures  into  the  interior 
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cavities^  which  existed  since  the  rise  of  the  granite* 
This  transition  land,  fixed  on  the  granite,  was  com¬ 
posed  of  agglutinated  sands,  forming  species  of  free¬ 
stone,  or  greywacke,  compact  calcareous  masses,  mag¬ 
nesian  matters  or  transition  trap,  and  some  metallic 
veins  ;  as  those  in  Derbyshire,  in  the  toadstone  and  cal¬ 
careous  rocks ^  those  of  the  Hartz,  in  the  greywacke, 

&C*  &Ce 

Oxygen  had  two  destinations.  One,  to  oxidate  the 
metallic  nucleus,  which  produced  the  primitive  rocks, 
and  the  divers  metals  distributed  in  veins,  beds,  or  heaps 
therein  ;  the  other,  to  form  water,  which  followed  on  the 
rise  of  the  granitic  envelope,  and  was  occasioned  by  the 
disengagement  of  fluids,  &c.  A  part  of  this  oxygen, 
absorbed  by  the  inflammable  bodies,  also  formed  the 
acids,  and  especially  the  carbonic  acid,  combined  in  the 
primitive  limestone.  In  proportion  as  changes  were  ef¬ 
fected  between  the  atmosphere,  ocean,  and  earth,  their 
divers  component  substances  more  intimately  mixed, 
became  severally  more  divided;  and  the  actions  multi¬ 
plying,  augmented  the  species  of  compounds.  The 
heat  consequent  on  this  atomic  motion,  then  developed 
the  divers  properties  of  bodies;  the  alkalies  and  acids 
reciprocally  acted,  and  the  salts  were  formed ;  the  va¬ 
pours  from  the  ocean  floated  in  the  atmosphere,  were 
impelled  by  the  winds,  and  broke  against  the  granitic 
peaks;  snow  whitened  their  summits,  glaciers  spread  in 
their  intervals,  springs  furrowed  their  sides,  and  the 
waters  flowed  on  the  earth. 

In  the  meantime,  the  sea  saw  animals  produced  in 
its  bosom.  The  banks  of  rivers,  and  sides  of  mountains, 
became  covered  with  vegetables,  to  prepare  a  habitable 
soil.  Running  streams  were  already  distributed  through 
it,  in  lakes  more  numerous  than  now,  because  the  sur¬ 
face  was  more  uneven,  and  the  plains  did  not  yet  exist. 
The  ocean  occupied  them,  and  bathed  the  porphyry  of 
Chimborazo,  and  of  the  anti-Sanica,  then  much  higher 
in  the  skies.  The  high  plains  of  Quito,  and  the  de¬ 
serts  of  Tartary,  were  covered  with  water,  and  served 
as  a  habitation  for  marine  animals.  But  the  diminution 
of  the  ocean  was  rapidly  effected  by  different  ways.* 
The  waters  from  the  high  mountains  of  the  torrid  zone, 
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accumulated  wrecks  of  matter.  The  ocean,  pressed, 
flowed  back  unequally  towards  the  poles,  according  to 
the  degree  of  flattening,  and  deposited  the  materials  of 
the  Secondary  Formation. 

Secondary  Rocks. 

This  extensive  and  interesting  class  of  rocks,  rests 
immediately  on  the  transition  class ;  but,  when  they  are 
wanting,  on  primitive  rocks;  and  when  both  occur  in 
the  same  district  with  the  secondary,  they  occupy  a 
higher  level.  The  hills  of  secondary  districts,  are  lower, 
rounder,  with  gentler  acclivities,  and  fewer  cliffs,  than 
the  transition  ;  their  valleys  are  shallower,  and  their  bot¬ 
toms  less  inclined.  The  secondary  formations  are  dis¬ 
tinctly  stratified,  and  the  strata  often  er  horizontal,  or 
slightly  inclined,  than  in  the  older  rocks.  That  regular 
direction  of  strata,  prominent  in  the  preceding  classes, 
has  not  been  observed  in  the  secondary. 

The  conglomerated  structure  of  many  of  the  second¬ 
ary  rocks,  presents  a  mechanical,  and  not  chemical  as¬ 
pect;  and  even  the  limestones  of  this  series,  approach 
more  to  the  mechanical  formation,  than  those  of  the  pre¬ 
ceding'  classes. 

Secondary  rocks  are  also  distinguished  by  their  great 
variety  and  abundance  of  fossil  organic  remains.  These 
extend  through  the  whole  secondary  series,  abound¬ 
ing  in  some  formations,  as  limestone  ;  and  in  others,  as 
gypsum  and  trap,  appearing  rarely,  and  in  small  quan¬ 
tities.  The  older  formations  have  fossil  remains  of  ovi¬ 
parous  quadrupeds  or  lizards  ;  while,  in  the  newer,  re¬ 
mains  of  true  quadrupeds,  as  of  opossums,  occur  ;  and 
Werner  pointed  out,  among  the  secondary  formations, 
the  gradual  rise  of  the  animals  in  the  zoological  scale, 
according  to  the  date  of  the  formation  containing  their 
remains;  that  in  the  oldest  secondary  rocks,  the  animal 
remains  were  of  tribes  lower  in  organization,  than  those 
,met  with  in  formations  in  the  middle  of  the  series  ;  and, 
that  those  found  in  the  newest  members  of  the  class, 
were  of  animals  much  more  perfect  than  those  in  the 
middle  part  of  the  series. 

Coal  (already  enumerated  in  the  primitive  and  tran¬ 
sition  classes)  occurs  in  great  abundance;  and,  besides 
the  glance-coal,  the  only  kind  in  the  primitive  and  tran- 
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sition  classes,  the  secondary  class  contains  also  the  black 
or  bituminous  coal  (which  has  more  the  aspect  of  a 
vegetable  formation  than  the  glance-coal)  and  brown 
coal,  a  mineral  of  undoubted  vegetable  origin. 

secondary  rocks  are  much  less  metalliferous  than  the 
transition  and  primitive,  and  the  principal  repositories 
of  ore  are  the  lower  parts  of  the  series,  in  the  moun¬ 
tain  limestone,  lower  part  of  the  coal  formation,  mag¬ 
nesian  limestone,  and  in  the  lower  part  of  the  new  red 
sandstone.  The  metals  most  abundant  are  iron,  lead, 
and  copper;  and  to  these,  as  of  rather  abundant  oc¬ 
currence,  may  be  added,  zinc,  in  the  form  of  calamine, 
mercury  in  form  of  cinnabar,  and  cobalt.  In  the  se¬ 
condary  class,  rock-salt  first  makes  its  appearance  in 
quantity,  and  in  the  form  of  imbedded  masses,  and 
beds  associated  with  gypsum  and  saliniferous  clay. 

The  gems  are  of  still  less  frequent  occurrence  in  the 
rocks  of  this  class. 

This  class  of  rocks,  from  its  variety  and  abundance 
of  useful  minerals,  is  highly  interesting  to  those  who 
attend  to  the  uses  of  minerals.  The  greatest  coal 
mines  in  all  countries,  are  in  secondary  rocks:  the 
richest  lead  mines  in  England ;  the  great  iron  mines  in 
England  and  Scotland  ;  and  the  salt  of  Cheshire,  and 
of  other  countries ;  the  vast  quarries,  of  sandstone,  so 
important  in  building;  of  greenstone,  which  furnishes 
the  best  paving  stone  hitherto  discovered  ;  and  of  lime¬ 
stone,  so  useful  for  various  economical  purposes,  are 
situated  in  the  formations  of  the  secondary  class. 

The  principal  secondary  rocks  are  sandstone,  lime¬ 
stone,  and  trap,  arranged  in  various  positions,  and  as¬ 
sociated  with  other  rocks : 

1.  First  Sandstone ,  or  Old  Red  Sandstone  Forma - 
Ito^-^This  is  a  reddish-brown  sandstone,  principally 
composed  of  particles  of  quartz,  either  without  ground, 
or  connected  together  by  a  basis  or  ground  of  iron 
shot-clay.  It  passes  into  greywacke,  as  on  the  coast 
of  Galloway.  It  rests  upon  the  rocks  of  the  transition 
class. 

2,  First  Secondary  Limestone ,  or  Mountain  Lime¬ 
stone-— is  a  compact  blueish  grey  limestone,  full  of  en- 
crinites,  corals,  and  shells  ;  often  contains  caverns,  and 
sometimes  alternates  with  the  sandstone,  slate-clay. 
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and  other  rocks  of  the  coal  formation.  It  lies  immedi¬ 
ately  on  the  old  red  sandstone. 

3.  Coal  Formation. — This  is  an  alternation  of  grey 
and  white  sandstone,  bituminous  shale  and  slate  clay, 

_  v  9 

clay  ironstone,  limestone,  and  coal.  The  whole  toge¬ 
ther  form  a  group  or  set  of  rocks,  termed  the  coal  for¬ 
mation.  It  rests  on  the  mountain  limestone. 

4.  Second  Secondary  Limestone,  or  Magnesian  Lime¬ 
stone  of  Geologists. — This  formation,  as  it  appears  in 
England,  is  generally  a  granular,  sandy,  and  glimmer¬ 
ing  limestone,  which  contains  a  considerable  portion  of 
carbonate  of  magnesia.  It  occasionally  contains  gypsum 
and  rock-salt.  It  lies  immediately  over  or  above  the 
coal  formation. 

4.  Second  Sandstone ,  or  New  Red  Sandstone  For¬ 
mation.- — This  sandstone  is  principally  composed  of 
particles  of  quartz,  set  in  a  reddish  brown  clayey  basis 
or  ground.  It  is  looser  in  its  nature  than  the  old  red 
sandstone,  and  its  colour  wants  the  blueish  tint  which 
occurs  in  the  old  red  sandstone.  It  is  sometimes  con¬ 
glomerated,  particularly  where  near  the  magnesian 
limestone,  when  it  contains  fragments  of  the  subjacent 
strata.  It  abounds  in  beds  of  red  and  blue  marl  and 
clay,  and  in  these  there  are  occasionally  imbedded 
masses  and  beds  of  gypsum,  and  rock-salt.  It  is  here, 
and  in  the  magnesian  limestone  formation,  that  the 
g*reatest  masses  of  rock-salt  are  met  with,  and  it  is  in 
these  formations  of  the  secondary  series  that  the  prin¬ 
cipal  salt  mines  are  situated.  It  rests  immediately  on 
the  second  secondary  or  magnesian  limestone. 

5.  Third  Secondary  Limestone ,  or  the  Oolite  or 
Shell  Limestone  Formation ,  or  Jura  Formation. — The 
lower  members  of  this  formation  are  blue,  grey,  and 
white  slaty  limestone,  with  blue  slaty  marl  and  clay,  in 
which  are  variously  shaped  masses  of  chert.  These 
are  known  under  the  name  Lias.  Above  these,  still  in 
this  formation,  there  are  alternations  of  beds  of  oolite 
limestone,  shelly  limestone,  calcareous  sandstone,  va¬ 
rious  marls,  clays,  and  fuller’s  earth.  It  rests  upon 
the  second  or  new  red  sandstone/ 

i 

6.  Third  Sandstone  Formation,  or  the  Green  Sand 
Formation. — This  formation  extends  through  a  large 
portion  of  the  south-eastern  parts  of  England.  Its 
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characteristic  member  is  a  siliceous  sandstone,  abound¬ 
ing  in  grains  of  a  substance  resembling  green  or  augite. 
Besides  this  sandstone,  the  formation  contains  beds  of 
a  coarse  shelly  limestone,  of  various  clays,  fuller’s 
earth,  and  of  iron  sand.  It  rests  upon  the  third  lime¬ 
stone  or  oolite  formation* 

7.  Fourth  Limestone  Formation,  or  Chalk  Forma - 
tion.— The  lower  part  of  this  formation  is  composed  of 
a  grey  clayey  chalk,  without  flints,  and  of  grey-co¬ 
loured  clays  and  marls.  Immediately  above  is  a  hard 
chalk,  with  few  flints,  and  above  is  the  softer  chalk  in 
which  flints  and  organic  remains  abound. 

8e  Brown  Coal  Formation.— In  this  formation,  which 
appears  to  rest  upon  chalk,  brown  coal  occurs  in  great 
masses,  associated  with  clays  and  marls,  and  occasion¬ 
ally  with  glance  coah  The  English  pudding-stone  ap¬ 
pears  to  rest  immediately,  either  on  the  brown  coal  or 
the  chalk  formations. 

9.  Paris  Formation.— Under  this  head  we  include 
the  series  of  beds  of  clay,  marl,  limestone,  gypsum, 
sand,  and  sandstone,  that  occur  in  the  basin  of  Paris, 
and  also  in  that  of  the  Isle  of  Wight  and  other  quarters. 
They  lie  above  chalk,  and  higher  than  the  brown  coal, 
and  are  divided  into  sets ;  two,  characterized  by  the  pre¬ 
sence  of  fresh  water  shells,  and  remains  of  quadrupeds, 
are  named  fresh  water  formations ;  and  other  two,  con¬ 
taining  principally  salt  water  shells,  are  named  marine 
formations . 

10.  Secondary  Trap  Rocks.— The  rocks  of  this  divi¬ 
sion  have  been  described  by  many  geologists  as  lavas. 
They  occur  in  imbedded  masses,  beds  and  veins,  in 
many  of  the  formations  already  described,  and  hence,  in 
order  to  prevent  repetition,  we  have  brought  them  toge¬ 
ther  under  one  division.  They  are  principally  4composed 
of  augite,  with  occasional  hornblende,  and  felspar  ;  the 
augite  occurs  in  all  its  states,  from  the  crystalline  to  the 
earthy  or  powdery  condition,  and  the  felspar  appears  in 
all  the  different  states,  from  clay  stone  and  clay  to  the 
crystalline  state.  The  following  are  the  secondary  trap 
rocks:  Basalt ,  greenstone ,  syenite ,  amygdaloid,  por¬ 
phyry,  and  tuff  a. 

From  this  epoch,  things  became  more  stable ;  changes 
no  longer  were  general,  but  merely  in  some  regions  ; 
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varied  in  aspect  by  the  eruption  of  volcanoes,  the  sink¬ 
ing  of  ground,  the  draining  of  lakes,  &c.  The  sea  had 
hollowed  out  its  proper  basin,  and  lowered  its  level,  by 
its  decomposition  in  the  focus  of  volcanoes  ;  concurring 
to  form  numerous  substances,  particularly  salts,  which 
absorb  a  great  quantity  of  water ;  the  absence  of  much 
friction  at  the  poles,  causing  defect  of  heat,  and  the 
water  there  forming  the  polar  ices;  in  furnishing,  by 
evaporation,  aqueous  particles  to  the  atmosphere,  gla¬ 
ciers  to  the  mountains,  snow  to  cold  countries,  lakes  to 
divers  basins,  subterraneous  water  to  the  cavities,  also 
filled  by  direct  and  continued  infiltration.  All  the  wa¬ 
ters  which  furrowed  the  surface,  corroded  the  summits, 
of  the  mountains,  tossed  about  what  they  wore  away, 
and  deposited  the  soil  of  the  valleys  and  plains,  or  the 
Alluvial  Lands. 

Alluvial  Lands. 

These  are  the  various  clays,  loams,  marls,  sands,  gra¬ 
vels,  rolled  masses,  &c.  which  lie  over  the  other  more 
solid  rocks,  and  which  owe  their  origin  to  the  agency 
of  the  waters  of  the  ocean,  of  rivers,  lakes,  and 
springs.  They  are  divided  into  those  called  dil avian, 
because  they  seem  to  have  been  formed  at  the  time  of 
the  deluge ;  such  are  the  clays,  sands,  and  loams,  con¬ 
taining  the  remains  of  elephants,  rhinoceri,  &c.  and  of 
those  loose  blocks  sometimes  50,000  square  feet  in 
magnitude,  and  found  at  great  distances  from  their  na¬ 
tive  places ;  and  into  those  clays,  loams,  sands,  and 
gravels,  which  are  daily  formed  on  the  face  of  the  earth 
by  the  agency  of  the  waves  of  the  ocean,  and  the  ac¬ 
tions  of  rivers,  lakes,  and  springs,  and  which  have  been 
named  post-diluvian. 

This  sketch  of  the  changes,  whereby  the  earth’s  sur¬ 
face  took  its  present  form,  gives  an  idea  of  the  general 
relations  among  the  lands.  A  metallic  nucleus  is  their 
foundation  ;  on  this  is  a  first  covering,  whose  granitic 
base  loses  its  homogeneity, — by  degradations  converting 
it  into  gneiss,  schisti,  &c.— r-contemporaneous  aggrega¬ 
tions,  though  incomplete,  producing  porphyry,  amygda¬ 
loid,  magnesian  and  calcareous  rocks ;  or,  by  the  inter¬ 
position  of  combustible  substances,  which  traverse  the 
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rocks  in  veins*  mix  with  them  in  beds*  or  collect  in 
masses.  This  covering,  in  its  totality,  must  be  separated 
from  the  nucleus  by  great  cavities,  occupied  by  the  fluids 
of  the  atmosphere,  not  disengaged  at  the  time  of  the 
rise,  and  by  the  waters  of  the  sea,  subsequently  filtered 
in  by  the  fissures.  Externally,  the  lowest  part  of  the 
covering  supports  the  superimposed  lands,  and  is  a  basin 
for  the  ocean.  The  highest  part  forms  the  nuclei,  and 
summits  of  mountains,  chiefly  under  the  torrid  zone, 
where  are  the  highest  eminences ;  and  in  the  temperate 
ssone,  where  also  are  mountains  of  the  first  order,  as  the 
mass  of  Tartary,  Imaus,  Caucasus,  Alps,  Pyrenees,  Al¬ 
leghany,  Stony  Mountains,  &c.  &c.  in  the  boreal  hemi¬ 
sphere  ;  and  the  Magellanic  Andes,  the  mountains  of 
the  Cape  of  Good  Hope,  in  the  austral  hemisphere. 
Towards  the  poles,  the  granitic  formation  loses  its  height, 
as  in  the  Krapacks,  Valdai,  north  Oural,  Daouria,  and 
Stony  Mountains;  or  only  appears  in  the  mean  region 
of  the  mountains,  as  in  the  Dofrine. 

On  the  borders  of  some  of  these  mountains,  chiefly 
the  least  elevated,  are  seen  transition  rocks,  rising  at 
times  to  the  highest  summits,  as  in  some  branches  of 
the  Krapacks,  in  Daouria,  Derbyshire,  &c.  Probably 
such  rocks  may  be  found  against  the  sides  of  all  moun¬ 
tains,  in  a  situation  more  or  less  inclined,  arranged  in 
beds  of  great  thickness,  but  moderate  breadth,  which  lie 
along  the  primitive  rocks,  and  cover  them  on  several 
points.  The  remnants  of  animals  and  vegetables  are 
scarce  in  this  formation,  because  only  marine  animals 
existed,  and  perhaps  even  only  zoophytes  and  molluscas, 
when  the  ocean  first  sunk.  But,  for  a  contrary  reason, 
metals  are  common,  and  mostly  disposed  in  veins. 

The  land  called  secondary ,  caused  by  the  second  re¬ 
treat  of  the  waters,  is  mostly  horizontal,  and  composed 
of  heterogeneous  matters.  It  every  where  covers  the 
primitive  and  transition  rocks;  and  often  exceeds  them, 
when  not  very  elevated,  as  in  the  Pyrenees  ;  and  espe¬ 
cially  in  Scandinavia,  where  all  the  summits  are  calca¬ 
reous,  and  only  the  base  granite.  The  shelly  limestone 
is  chief  in  this  formation ;  in  some  places,  they  form 
links  which  run  between,  and  seem  to  connect  the 
masses  of  granite.  These  masses  often  are  little  co» 
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vered  or  one  side,  and  much  on  the  other,  which  causes 
the  slope,  steep  and  gentle.  On  the  latter,  the  second¬ 
ary  matters  lie  in  greater  quantity ;  there  is  found  chalk, 
gypsum,  marl,  slate,  argil,  freestone,  and  the  secondary 
trap,  (of  Werner)  confounded  with  basalt ;  finally,  de¬ 
posits  of  divers  metallic  substances,  as  coal,  bitumen, 
gemsalt,  &c.  Here  also  are  mineral  springs,  very 
scarce  in  primitive  lands,  in  which  only  some  sulphu¬ 
reous  waters  are  found,  owing  to  the  decomposition  of 
pyrites. 

All  these  heterogeneous  matters  lie  in  confusion,  and 
rarely  distinct  from  each  other ;  which  confusion  has 
caused  various  accidents  in  the  superposition  ;  as  voids, 
always  existent,  or  else  formed  by  lulls,  commotions, 
splitting  of  rocks,  and  similar  phenomena,  frequent  in  a 
moving  soil,  and  little  consolidated.  There  we  find 
grottoes,  caverns,  and  abysses,  while  the  granitic  masses 
Lave  only  slits,  fissures,  and  precipices  ;  caused  by  other 
matters  that  form  veins.  The  blocks  of  granite  and 
porphyry  are  split,  sometimes  very  deep  ;  but  voids  are 
rare ;  the  rocks  all  press  close  against  each  other.  The 
formation  is  identical ;  it  proceeds  from  a  single  cause  ; 
all  the  inequalities  rise  from  the  same  base,  and  having 
risen  in  a  mass,  cavities  can  only  exist  below  it. 

In  the  secondary  formation  the  case  is  different. 
The  beds  or  la)^ers  are  of  divers  natures.  When  first  laid 
over  each  other,  they  were  soaked  with  water;  the  de¬ 
siccation  caused  shrinking  and  consequent  voids.  The 
fluids  in  the  cavities  being  more  considerable  in  volume, 
and  disengaged  with  more  violence,  earthquakes  shewed 
themselves  more  forcibly,  overturned  the  strata,  and 
formed  there  in  slits.  The  water,  which  constantly  fil¬ 
tered  into  these  secondary  and  generally  porous  matters, 
carried  with  it  the  less  tenacious  layers,  and  left  only 
the  calcareous  rocks  which  covered  them.  This  caused 
grots  and  caverns,  frequent  in  calcareous  rocks,  and 
subsequently  filled  with  stalactites  deposited  by  the  wa¬ 
ters.  Herein  the  transition  rocks  hold  the  middle  place 
between  the  two  other ;  and  the  Alluvial  Lands  form  the 
extremity  of  this  series  of  relations.  They  are  massive, 
like  the  granitic  covering,  but  obviously  different ;  the 
latter  having  been  formed  successively.  All  here  being 
the  work  of  running  waters,  or  inundations,  the  earthy 
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matters,  especially  the  sand  and  argil*  constitute  the 
principal  mass*  The  rocks,  decomposed  by  the  action 
of  the  elements,  become  pulverized  ;  the  waters  have 
borne  along  the  wrecks,  mixed  them  with  fragments  of 
stones,  pebbles,  shingles,  bones,  shells,  metallic  and  sa¬ 
line  particles,  &c.  and  deposited  them  in  the  cavities® 
The  depths  have  been  filled,  the  soil  has  acquired  ex¬ 
tent,  and  has  diminished  the  oceanic  basin  in  proportion® 
But  this  effect  was  not  instantaneous  ;  it  was  progressive  ; 
more  rapid  in  the  commencement,  afterwards  it  slack¬ 
ened,  and  yet  continues  its  levelling  effects. 


LECTURE  XXL 

STRATA  OF  THE  EARTH® 

Sit  mihi  fas— - - 

Pandere  res  alt&  terrd  et  caligine  mersas.  virgil. 

Give  me,  ye  powers,  the  wondrous  scenes  to  show 
Conceal’d  in  darkness,  in  the  depths  below. 

B  pon  examining  the  earth,  where  it  has  been  opened 
to  any  depth,  the  peculiar  appearances  that  occur  are  the 
different  layers  or  beds  of  which  it  is  composed.  These 
parallel  layers  are  of  similar  substances  one  above  the 
other,  of  different  depths  or  thicknesses,  and  they  appear 
to  be  results  of  deposits  of  the  same  substances  in  a  state 
of  solution,  or  of  an  action  like  that  of  water,  which  tends 
to  reduce  all  materials  which  are  its  patients  to  a  level® 
This  action  of  water  appears  to  be  the  reasonable  cause 
of  the  formation  of  most  strata ;  but  there  is  a  mechani¬ 
cal  action  and  re-action  between  substances  of  different 
density  and  bulk,  arising  from  their  centripetal  force, 
which  constantly  tends  to  equalize  their  respective  levels® 
In  the  present  visible  creation,  the  upper  stratum  con¬ 
sists  of  the  fine  mould  of  decayed  vegetable  and  animal 
matter,  of  thicknesses  proportioned  to  the  luxuriance 
of  the  site. 

This  external  and  prolific  layer  is  in  a  state  of  con¬ 
tinual  change.  Vegetables,  which  are  naturally  fixed 
and  rooted  to  the  same  place,  receive  their  adventitious 
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nourishment  from  the  surrounding  air  and  water :  ani¬ 
mals,  which  remove  from  place  to  place,  are  supported 
by  these,  or  by  each  other.  Both,  however,  having  en¬ 
joyed,  for  a  time,  a  life  adapted  to  their  nature,  return 
to  the  earth  those  spoils  which  they  had  borrowed  for  a 
very  short  space,  to  be  quickened  again  into  existence. 
But  the  deposits  they  make  are  of  very  dissimilar  kinds, 
and  the  earth  is  differently  enriched  by  their  dissolu¬ 
tion.  Those  countries  that  have,  for  a  long  time,  sup¬ 
ported  men  and  other  animals,  have  been  observed  to 
become  more  barren  every  day;  while,  on  the  contrary, 
those  desolate  places,  in  which  vegetables  only  are 
abundantly  produced,  are  known  to  possess  amazing 
fertility.  “  In  regions  which  are  uninhabited,”  says 
Buffon,  “  where  the  forests  are  not  cut  down,  and  ani¬ 
mals  do  not  feed  upon  the  plants,  the  bed  of  vegetable 
earth  is  constantly  increasing.  In  all  woods,  and  even 
in  those  often  cut,  there  is  a  layer  of  earth  of  six  or 
eight  inches  thick,  formed  by  leaves,  branches,  and 
bark,  that  fall  and  rot  upon  the  ground.  I  have  fre¬ 
quently  observed  on  a  Roman  way,  which  crosses  Bur¬ 
gundy,  for  a  long  extent,  that  there  is  a  bed  of  black 
earth,  of  more  than  a  foot  thick,  gathered  over  the 
stony  pavement,  on  which  several  trees,  of  a  very 
considerable  size,  are  supported.  This  I  have  found 
to  be  nothing  but  the  earth  formed  by  the  decayed 
leaves  and  branches,  which  have  accumulated  in  time 
in  a  black  soil.  Now  as  vegetables  draw  much 
more  of  their  nourishment  from  the  air  and  water  than 
they  do  from  the  earth,  it  must  follow,  that,  in  rotting 
upon  the  ground,  .they  give  much  more  to  the  soil  than 
they  have  taken  from  it.  Hence,  therefore,  in  woods 
kept  a  long  time  without  cutting,  the  soil  below  in¬ 
creases  to  a  considerable  depth;  and  such  we  actually 
find  in  those  American  wilds  where  the  forests  have 
been  undisturbed  for  ages.  But  it  is  otherwise  where 
men  and  other  animals  have  long  subsisted ;  for,  as 
they  make  a  considerable  consumption  of  wood  and 
plants,  both  for  firing  and  other  uses,  they  take  more 
from  the  earth  than  they  return  to  it.  It  follows,  there¬ 
fore,  that  the  bed  of  vegetable  earth,  in  an  inhabited 
country,  must  be  always  diminishing,  and  must,  at 
length,  resemble  the  soil  of  Arabia  Petraea,  and  other 
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oriental  countries,  which,  having  been  long  inhabited, 
are  now  become  plains  of  salt  and  sand ;  the  fixed  salt 
always  remaining,  while  the  other  volatile  parts  have 
flown  away.” 

Beneath  the  upper  stratum  usually  lie  others,  evi¬ 
dently  of  marine  formation,  created  by  such  an  action 
as  that  of  the  sea.  Beneath  this,  Cuvier  has  distin¬ 
guished  another  layer  of  animal  and  vegetable  re¬ 
mains  ;  then  a  second  series  of  marine  strata ;  beneath 
these  a  third  vegetable  stratum;  and  again,  a  third  of 
marine  strata ;  all  so  many  effects  of  obvious,  yet  re¬ 
mote,  causes.  Another  cause  not  generally  regarded, 
tends  also  constantly  to  create  the  upper  stratum:  viz. 
the  dust  which  falls  from  the  atmosphere,  and  deposits 
a  sensible  thickness  in  every  year.  Whether  this 
arises  from  storms,  and  the  action  of  the  atmosphere, 
which  raises  the  dust  that  falls,  or  whether  there  may 
not  be  a  constant  aggregation  of  gaseous  atoms  in  the 
medium  of  space  through  which  the  earth  moves,  are 
questions  which  the  observation  of  man  may  never  be 
able  to  determine;  but  if  the  latter  be  the  case,  and 
the  supposition  accords  with  many  phenomena,  then 
the  bulk  of  the  earth  may  be  considered  as  gradually 
increasing;  and  hence  the  remains  of  vegetation  and 
other  phenomena  of  the  surface  being  constantly  found 
below  the  level  of  the  sea.  The  chief  element  con¬ 
cerned  in  all  these  formations  and  changes  is  time,  as 
the  compositions  of  nature  often  employ  thousands  of 
years. 

During  the  settling  of  strata,  the  incumbent  weight 
of  the  superior  beds  on  the  lower  ones  occasions  the 
exudation  of  the  fluid  parts  from  each  inferior  bed, 
which  descends  through  the  next  inferior  bed.  These 
exudations  originally  compounded  with  mineral  par¬ 
ticles,  combine  in  descending  through  each  stratum, 
and,  after  successive  filtrations  and  combinations,  pro¬ 
duce  cement,  which  fixes  in  the  lowest  stratum  to 
which  it  will  descend,  and  in  combination  with  that 
substance  generates  substances  of  peculiar  kinds. 
Such  is  the  origin  of  the  cement  which  forms  mar¬ 
bles,  pudding-stone,  cemented  gravel,  &c.  &c.  in  unit¬ 
ing  which  it  is  harder  than  the  original  bodies,  and 
often  transparent  and  beautifully  coloured,  according 
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to  the  substances  through  which  it  has  passed.  It  is 
one  of  those  combinations  which  result  from  the  silent 
operations  of  nature  in  the  lapse  of  indefinite  ages. 

Of  these  beds  over  beds,  each  of  them,  as  far  as  it 
extends,  maintains  the  same  thickness.  It  is  found, 
also,  that,  as  we  proceed  to  considerable  depths,  every 
layer  grows  thicker.  They  are  sometimes  very  exten¬ 
sive,  being  found  often  to  cover  a  space  of  many 
leagues  in  circumference.  But  it  must  not  be  sup¬ 
posed  that  they  are  uniformly  continued  over  the  whole 
globe,  without  interruption:  on  the  contrary,  they  are 
ever,  at  small  intervals,  cracked  through,  as  it  were, 
by  perpendicular  fissures;  the  earth  resembling,  in  this 
respect,  the  muddy  bottom  of  a  pond,  whence  the 
water  has  been  dried  off  by  the  sun,  and  thus  gaping 
in  several  chinks,  which  descend  in  a  direction  per¬ 
pendicular  to  its  surface.  These  fissures  are  many 
times  found  empty,  but  are  often  closed  up  by  adventi¬ 
tious  substances,  which  the  rain  or  some  other  acci¬ 
dental  causes  have  conveyed  to  their  cavities.  Their 
openings  are  not  less  different  than  their  contents, 
some  being  not  above  half  an  inch  wide,  some  a  foot, 
and  some  several  yards  asunder;  which  last  form  those 
dreadful  chasms  that  are  to  be  found  in  the  Alps,  at 
the  edge  of  which  the  traveller  stands,  dreading  to 
look  down  to  the  immeasurable  gulf  below.  These 
amazing  clefts  are  well  known  to  such  as  have  passed 
those  mountains,  where  a  chasm  frequently  appears 
several  hundred  feet  deep,  and  as  many  over,  at  the 
edge  of  which  the  way  lies.  It  often  happens  also, 
that  the  roads  lead  along  the  bottom,  and  then  the  spec¬ 
tator  observes,  on  each  side,  frightful  precipices  seve¬ 
ral  hundred  feet  above  him;  the  sides  of  which  corre¬ 
spond  so  exactly  with  each  other,  that  they  seem  evi¬ 
dently  torn  asunder. 

The  chasms  in  the  Alps  are  insignificant  to  those  seen  in  the  Andes 
in  America.  These  amazing  mountains,  in  comparison  of  which,  the 
former  are  but  little  hills,  have  their  fissures  in  proportion  to  their 
magnitude.  In  some  places,  they  are  a  mile  wide,  and  deep  in  pro¬ 
portion  ;  and  there  are  some  others,  that,  running  underground,  re¬ 
semble,  in  extent,  a  province. 

Of  this  kind  also  is  the  cavern  called  Elden  Hole,  in  Derbyshire? 
which  Dr.  Plot!  tells  us,  was  sounded  by  a  line  of  2800  feet,  without 
finding  the  bottom,  or  meeting  with  water;  and  yet  the  mouth  is  not 
above  forty  yards  over.  This  immeasurable  chasm  runs  vertically  down 
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ward;  and  the  sides  of  it  seem  to  tally  so  correctly,  as  to  show  that 
they  were  once  united.  Those  who  visit  the  chasm  generally  procure 
stones  to  be  thrown  into  its  mouth;  and  these  are  heard  for  some  time, 
falling  and  striking  against  its  sides,  producing  a  sound  like  distant 
thunder,  dying  away  as  the  stone  falls  deeper. 

In  particular  situations  in  England  and  France,  the 
upper  strata  are  bounded  by  a  ridge  of  chalk  (except 
where  the  sea-coast  interferes),  which  slanting  off,  forms 
a  large  concave  area  in  which  they  seem  to  have  been 
deposited,  and  hence  the  term  chalk  basin,  of  which 
the  most  northerly  includes  the  metropolis,  and  has 
been  called  the  London  basin,  while  the  southern  is  less 
properly  termed  the  Isle  of  Wight  basin,  since  it  in¬ 
cludes  only  the  northern  half  of  that  island,  which  is 
traversed  east  and  west  by  the  edge  of  the  basin. 

The  boundary  of  the  first  of  these  basins  may  he  stated  generally, 
as  a  line  running  from  the  inner  edge  of  the  chalk,  south  of  Flambo- 
rough  Head,  in  Yorkshire,  nearly  south,  till  it  crosses  the  Wash,  then 
south-west  to  the  upper  part  of  the  valley  of  the  river  Kennet,  near 
Hungerford,  in  Wiltshire,  and  thence  tending  south-east  to  the  north 
of  the  Thames,  and  the  north-west  angle  of  the  Isle  of  Thanet;  in  all 
these  directions,  the  bounding  line  is  formed  by  the  chalk  hills;  on  the 
east  side,  the  boundary  is  the  coast  of  the  German  Ocean.  The 
boundaries  of  the  Isle  of  Wight  basin,  may  he  generally  assigned  by 
the  following  four  points: — On  the  north,  a  few  miles  south  of  Win¬ 
chester;  on  the  south,  a  little  north  of  Carisbrook,  in  the  Isle  of 
Wight;  on  the  east,  Brighton ;  on  the  west,  Dorchester.  It  is  every 
where  circumscribed  by  chalk-hills,  excepting  where  broken  into  by 
the  Channel,  between  the  Isle  of  Wight  and  the  main  land. 

Among  the  substances  found  in  these  basins,  none  are  more 
remarkable  than  the  strata  of  bluish  or  black  clay,  which, 
from  its  forming  the  general  substratum  of  London  and  its 
vicinity,  is  usually  called  London  clay ;  it  occasionally  in¬ 
cludes  calcareous  and  siliceous  sand  or  sandstone:  and  in 
other  countries  the  corresponding  stratum  is  nearly  entirely  a 
calcareous  freestone  •  such  is  the  caJcaire  grossier ,  of  which 
Paris  is  chiefly  built.  This  clay  is  with  us  remarkable  for  its 
horizontal  layers  of  septaria,  which  are  flattened  masses  of 
argillaceous  limestone,  traversed  by  veins  of  carbonate  of  lime, 
or  sulphate  of  baryta.  The  London  clay  also  affords  speci¬ 
mens  of  blue  pulverulent  phosphate  of  iron,  pyrites,  amber, 
fossil,  resin,  and  selenite;  the  hardness  of  the  water  found  in 
this  stratum  is  chiefly  referable  to  its  containing  the  last-men¬ 
tioned  substance  in  solution.  The  blue  clay  is  also  abundant 
in  organic  remains  of  crocodiles,  turtles,  vertebral  and  crus- 
taceous  fish,  and  testaceous  mollusc®  in  great  number  and 
beauty,  but  differing,  though  often  very  slightly,  from  recent 
genera;  yet  extinct  genera,  so  common  in  the  older  formations, 
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are  rare  in  this;  it  is  said,  however,  that  cornua  ammonis  and 
belemnites  have  been  found.  Zoophytes  are  likewise  of  very 
rare  occurrence.  Among  vegetable  remains  there  are  found 
pieces  of  wood  in  various  states,  and  others  perforated  by 
teredines,  like  those  which  infest  the  West  Indian  seas. 

In  the  Isle  of  Sheppy  there  have  been  found  in  these  clay  strata,  no 
less  than  700  varieties  of  fruit  and  ligneous  seed-vessels,  very  few  of 
which  agree  with  any  known  varieties  at  present  in  existence;  some 
seem  to  be  species  of  cocoa-nuts,  and  various  spices.  The  greater 
part  of  the  soil  of  Middlesex,  Essex,  and  Suffolk,  and  considerable 
portions  of  Berkshire,  Surrey,  and  Kent,  consist  of  London  clay;  and 
in  the  Isle  of  Wight  basin,  it  forms  the  whole  coast  from  Worthing,  in 
Sussex,  to  Christchurch,  in  Hampshire,  and  extends  from  the  latter 
place,  inland,  by  Ringwood,  Remsay,  Fareham,  and  passing  a  mile 
or  two  south  of  Chichester,  to  Worthing.  The  country  is  generally 
low,  or  only  slightly  undulated,  and  as  a  soil,  it  is  productive  of  fine 
oak,  elm,  and  ash  timber,  but  requires  chalk  to  render  it  productive 
in  corn;  when  well  manured,  it  forms  excellent  garden  ground,  as  the 
vicinity  of  London  amply  testifies. 

The  history  of  the  wells  in  London  is  very  interest¬ 
ing,  as  connected  with  the  clay  formation,  and  they  may 
be  divided  into  three  classes.  1.  Those  which  are  in 
the  gravel  above  the  clay.  2.  Those  in  the  clay  itself. 
3.  Those  which  derive  their  supply  from  the  strata  be¬ 
low  the  clay.  A  great  deal  of  good  limpid  water  is  de¬ 
rived  from  the  first  class,  where  its  escape  is  prevented 
by  the  dense  nature  of  the  substratum.  Sometimes  it  is 
rather  hard,  and  sometimes  brackish,  but,  generally 
speaking,  very  good  drinking  water.  Where  the  diluvial 
gravel  is  very  thin,  or  altogether  wanted,  there  are  wells 
sunk  in  the  blue  clay,  but  the  water  is  extremely  im¬ 
pure.  Selenite  is  its  common  ingredient,  and  some¬ 
times  the  pump  delivers  nearly  a  saturated  solution  of 
that  salt.  Sulphate  of  magnesia,  sulphate  of  soda, 
sulphate  of  iron,  and  occasionally  sulphuretted  hydro¬ 
gen,  are  also  found  in  the  waters  from  the  blue  clay. 

The  third  class  of  London  wells  includes  those  which 
perforate  the  clay,  and  derive  their  water  from  the 
strata  beneath  it.  The  water  which  supplies  these  wells 
rises  from  the  sands  below  the  London  clay.  The 
depth  of  these  wells  is,  of  course,  dependent  upon  the 
thickness  of  the  clay  stratum. 

At  Whitechapel,  east  of  London,  some  wells  have  been  carried 
through  it,  and  do  not  exceed  100  feet;  at  Tottenham,  it  is  about  120 
feet;  in  the  Strand,  200  feet;  in  St.  James's-street,  235  feet;  at 
Chelmsford,  300  feet;  and  at  Wimbledon,  the  well  is  530  feet  deep,  and 
it  is  doubtful  whether  the  clay  is  actually  there  pierced.  By  indirect 
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examination,  the  greatest  thickness  of  the  clay  in  the  London  basin, 
has  been  estimated  at  1000  feet. 

Above  the  blue  clay  we  find,  In  certain  situations, 
distinct  superimposed  strata;  thus,  on  the  east  coast  of 
Suffolk,  low  cliffs  resting  upon  the  London  clay  -  are 
found  to  consist  of  sand  and  gravel,  enclosing  peculiar 
fossils;  the  whole  mass  is  known  by  the  appellation 
crag*  Of  the  shells  which  it  contains,  the  greater 
number  resemble  the  recent  shells  of  neighbouring 
seas;  there  are,  however,  a  few  extinct  varieties,  and 
among  them  the  murex  contrarius ;  though,  what  is 
very  curious,  the  fossil  shell  with  the  whirls  in  the  ordi¬ 
nary  direction  is  also  found  here.  There  are  likewise  a 
few  fossil  bones,  much  impregnated  with  iron,  and  be¬ 
longing  to  unknown  animals. 

This  formation  is  seen  at  Walton  Naze,  in  Essex,  and  caps  the 
cliffs  on  both  sides  of  Harwich,  extending  considerably  into  Suffolk 
and  Norfolk,  where  it  forms  a  fertile  soil.  The  sandy  deposits  which 
cover  certain  parts  of  the  London  clay,  and  which  are  denominated 
Bagshot  sand,  mast  also  be  considered  among  the  deposits,  which 
geologists  have  lately  termed  the  upper  marine  formation.  Bagshot 
Heath,  and  the  sand  of  Hampstead  and  Highgate,  are  of  this  descrip¬ 
tion.  It  is,  however,  in  the  Isle  of  Wight,  that  we  meet  with  the 
most  interesting  series  of  the  strata  above  the  blue  clay.  The  cliff 
called  Headen  Hill,  on  the  north-west  coast  of  the  island,  exhibits  an 
admirable  section  of  these  formations.  This  hill  consists  of  several 
strata;  the  uppermost  overlies  the  upper  marine  formation,  and  con¬ 
tains  abundance  of  fresh  water  shells,  without  any  admixture  of  ma¬ 
rine  exuviae,  together  with  seeds  of  a  flat  oval  form,  and  parts  of  co¬ 
leopterous  insects:  it  has  been  termed  the  upper  fresh  water  forma¬ 
tion,  and  may  be  seen  in  many  other  parts  of  the  island,  especially 
about  Cowes,  Bembridge,  and  Binstead,  and  it  is  quarried  as  a  build¬ 
ing  stone,  between  Calbourne  and  Thorley. 

To  this  stratum  succeeds  the  upper  marine  formation, 
and  then  we  arrive  at  a  series  of  beds  of  siliceous,  cal¬ 
careous,  and  argillaceous  marls,  abundant  in  fresh  water 
shells,  but  wholly  deficient  in  marine  relics  ;  these  beds 
constitute  the  lower  fresh  water  formation,  and  may  be 
seen  extending  round  the  north  side  of  Headen  Hill, 
into  Totland  Bay.  We  now  descend  to  the  strata  which 
lie  immediately  below  the  London  clay.  They  consist 
of  irregular  alternations  of  sand,  clay,  and  pebble  beds, 
forming  a  series  of  contemporaneous  depositions  inter¬ 
mediate  between  the  chalk  and  clay,  and  usually  de¬ 
scribed  under  the  term,  plastic  clay  formation. 

The  highest  northern  point  at  which  this  formation  is  seen,  is  near 
Hadleigh,  in  Essex,  whence  it  borders  the  clay,  to  about  five  miles 
south- west  of  Braintree.  Halsted  and  Coggeshal],  and  the  interne- 
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diate  tract,  are  upon  the  plastic  clay;  it  also  extends  from  Ware  to 
near  Edmonton,  over  Enfield  chase,  and  passing  close  to  St.  Alban’s, 
skirts  the  London  clay  to  Uxbridge,  on  the  north  of  which,  it  takes  a 
westerly  direction  towards  Beaconsfield,  and  thence  runs  nearly  south 
to  the  Thames.  It  is  seen  again  at  Reading,  in  Berkshire,  and  ex¬ 
tends  thence,  though  not  in  a  straight  line,  to  a  few  miles  beyond 
Hungerford,  which  may  be  said  to  be  its  extreme  point  on  the  west, 
except  a  few  outlying  masses,  south  of  a  line  from  the  latter  place,  to 
Marlborough,  in  Wiltshire.  Turning  south,  from  a  little  on  the  west 
of  Hungerford,  to  the  foot  of  the  chalk  hills,  it  passes  east  by  Kings- 
clere,  Basingstoke,  and  Odiham,  in  Hants,  and  Guildford,  in  Surrey; 
thence  rather  in  a  norih-easterly  direction,  a  liftle  to  the  south  of 
Croydon,  it  continues  to  skirt  the  foot  of  the  chalk  hills  by  Farnbo- 
rough  and  Chatham,  in  Kent,  and  thence  by  Milton  and  Ospringe,  to 
the  foot  of  Boughton  Hill,  where  it  divides;  passing,  on  one  hand,  in 
a  north-easterly  direction,  it  skirts  the  London  clay  to  Whitstable,  on 
the  coast;  and  on  the  other,  nearly  east,  to  Canterbury,  (which 
stands  on  the  beds  of  this  formation,)  to  the  coast  of  the  Reculver, 
■whence  it  again  passes  to  the  south-west,  except  where  marshy  lands 
intervene,  by  Sandwich,  which  is  built  upon  it,  a  little  to  the  south  of 
Deal. 

The  supermedial  order  of  rocks,  though  admitting*  of 
several  subdivisions,  may  generally  be  referred  to  the 
following  classes,  enumerated  in  the  order  of  their  suc¬ 
cession  descending  from  the  plastic  clay.  1.  Chalk. 
2.  Ferruginous  sand.  3.  Oolite,  including  lias.  4. 
New  red  sandstone  and  magnesian  limestone. 

The  chalk  formation,  from  its  extent  and  contents,  forms  one 
of  the  most  remarkable  and  interesting  features  of  English 
geology*.  Where  in  contact  with  the  superincumbent  clay, 
it  generally  exhibits  symptoms  of  having  been  exposed  and 
worn  previous  to  its  having  received  that  covering,  as  if  an 
interval  had  existed  between  its  completion  and  the  deposition 
of  the  formations  that  repose  upon  it.  The  upper  strata  of 
chalk  are  remarkable  for  their  layers  of  nodular  flints,  which 
are  generally  arranged  nearly  in  a  horizontal  position.  Some¬ 
times  tabular  masses,  and  even  veins  of  flint,  are  observed,  the 
latter  traversing  the  strata  at  various  angles.  Nodules  of 


*  Among  the  legendary  or  sacred  books  of  the  Hindoos,  exists  one 
containing  an  extraordinary  account  of  what  the  w  riter,  in  a  mixture 
of  theology  and  fact,  calls  the  great  churning  of  the  sea.  Major  Wilford 
has  published  a  translation  of  this  curious  document,  in  the  Asiatic 
Researches;  and  it  appears,  that  in  the  aera  of  the  Hindoo  gods,  an 
extraordinary,  or  according  to  the  author,  supernatural  convulsion  of 
the  sea  took  place,  in  a  situation  which  corresponds  to  the  present 
position  of  the  North  Irish  Sea.  The  writer  relates,  that  a  w  hite  foam 
or  cream  was  thrown  up  for  many  months,  which  filled  all  the  neigh¬ 
bouring  seas,  and  gave  to  Britain  its  name  of  the  White  Island. 
Doubtless,  there  is  more  fable  than  fact  in  this  story;  but  it  may  per¬ 
haps  have  some  relation  to  the  origin  of  the  extensive  chalk  formations 
which  are  peculiar  to  this  part  of  the  world. 
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pyrites,  and  of  crystallized  carbonate  of  lime  are  also  found  in 
these  beds,  and  a  very  interesting  series  of  organic  remains  of 
genera  and  species  nearly  all  extinct.  The  lower  strata  of 
chalk  are  marked  by  the  deficiency  of  flint  and  organic  remains, 
and  are  commonly  more  or  less  argillaceous,  exhaling  an 
earthy  smell  when  breathed  upon,  and  degenerating  into  what 
is  usually  called  chalk  marl,  a  compound  of  chalk,  clay  and 
sand.  Where  chalk  is  of  uniform  texture,  it  is  generally 
deficient  in  springs ;  but  where  it  happens  to  be  traversed  by 
beds  or  veins  of  substances  of  softer  or  sabulous  texture,  there 
the  water  often  percolates  and  yields  an  abundant  supply. 
The  fuller’s  earth,  and  sulphate  of  barytes  of  Nutfield  in 
Surrey,  together  with  crystals  of  quartz  and  carbonate  of  lime, 
and  nodules  of  chalcedony  and  chert,  are  found  in  this  de¬ 
posit;  it  is  also  very  abundant  in  organic  remains.  It  is, 
however,  difficult  to  draw  any  correct  line  of  demarcation  be¬ 
tween  this  green  sand  with  its  accompanying  clays,  and  the 
great  iron-sand  formation,  which  we  see  in  such  perfection  in 
the  cliffs  at  Hastings.  This  iron-sand,  however,  is  com¬ 
paratively  scanty  in  organic  remains,  so  that  the  green  sand 
and  iron-sand  bear  in  this  respect  some  analogy  to  the  upper 
and  lower  chalk. 

As  an  example  of  the  mode  in  which  the  strata  of  the  south 
of  England  are  arranged,  we  shall  give  a  minute  description  of 
one  particular  place,  which  is  peculiarly  favourable  for  geolo¬ 
gical  observations.  The  strata  of  Alum  bay,  in  the  Isle  of 
Wight,  now  seen  in  a  vertical  position,  must  have  been 
originally  horizontal,  or  nearly  so.  Besides  other  circum¬ 
stances  from  which  this  appears,  there  are,  in  one  of  the  verti¬ 
cal  beds  consisting  of  loose  sand,  several  layers  of  flints, 
extending  from  the  bottom  to  the  top  of  the  cliff;  these  have 
been  rounded  by  attrition.  Now  it  is  inconceivable,  that  these 
flint  pebbles  should  have  been  originally  deposited  in  their 
present  position:  and  they  point  out  the  original  horizontality 
of  the  series.  It  appears,  that  between  the  vertical  chalk  hills 
of  the  Isle  of  Wight,  and  the  South  Downs,  there  is  a  basin, 
or  hollow,  occasioned  by  the  disturbance  of  the  whole  mass  or 
strata  from  below  the  chalk,  to  the  London  clay,  inclusive. 
Hence,  all  the  beds  situated  within  this  basin,  lie  above  the 
London  clay.  The  lower  stratum  is  more  or  less  argillaceous, 
and  constitutes  what  is  called  the  chalk  marl.  Together  with 
the  other  strata,  it  frequently  forms  cliffs  of  considerable 
heights.  It  pulverizes  in  frost.  The  chalk-marl  is  never 
quite  so  white  as  chalk,  having  generally  a  tinge  of  yellow. 
The  middle  and  upper  strata  consist  of  chalk  of  extreme  white¬ 
ness  and  purity,  and  are  distinguished  from  each  other  chiefly 
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by  the  upper  containing  flint  nodules.  Chalk  without  flint  is 
usually  harder  than  chalk  with  flint.  The  clay  and  sand  cliffs 
of  Alum  bay  exhibit  the  most  interesting  natural  sections  which 
can  be  imagined.  The  whole  have  evidently  been  formed  at 
the  bottom  of  the  ocean,  as  they  all  exhibit  marks  of  marine 
origin.  The  chalk  which  forms  the  side  of  Alum  bay,  is  some¬ 
what  harder  than  usual;  and  the  flints  are  shivered  so  as  to 
come  to  pieces  when  taken  out.  Next  to  the  chalk  in  the 
north,  is  a  bed  of  chalk-marl.  To  this  succeeds  a  bed  of  clay* 
of  a  dark  red  colour,  streaked  with  white  or  yellow.  This  is 
divided  by  a,  bed  of  white  sand,  from  a  very  thick  bed  of 
dark  blue  clay,  which  contains  much  green  earth.  Nex$ 
follows  a  succession  of  beds  of  sand. 

Greenish  yellow  sand. 

Yellow  sand  with  ferruginous  masses. 

Greenish  sand. 

Yellow,  white,  and  greenish  sand. 

Whitish  sand,  with  thin  stripes  of  clay. 

White  and  yellow  sand. 

Light  green  sand. 

Ferruginous  sand-stone. 

Yellow  sand,  with  a  few  red  stripes. 

Next  to  this,  and  the  middle  of  the  bay,  is  a  numerous 
succession  of  beds  of  pipe-clay,  alternating  with  beautifully 
coloured  sands. 

Blackish  clay,  with  stripes  of  white  sand. 

Sand  intensely  yellow. 

Very  white  sand.  ; 

Sand  of  a  crimson  colour. 

Pipe-clay,  with  sand  stripes. 

Yellow  sand,  with  some  crimson. 

Pipe-clay,  white  and  black  stripes  of  sand. 

In  the  middle  there  are  three  beds  of  a  sort  of  wood-coal, 
the  vegetable  origin  of  which  is  distinctly  pointed  out  by  the 
fruits  and  branches  still  to  be  observed  in  it.  It  burns  with 
difficulty,  with  very  little  flame. 

Yellow  and  white  sand,  with  crimson  grey  stripes. 

Five  beds  of  coal,  similar  to  that  already  mentioned, 
each  a  foot  thick. 

Whitish  sand,  and  brownish  pipe-clay. 

Whitish  sand,  with  stripes  of  deep  yellow. 

Layers  of  large  water-worn  black  flint  pebbles,  im¬ 
bedded  in  deep  yellow  sand. 

A  stratum  of  blackish  clay,  with  much  green  earth  and 
septaria.  In  this  earth  are  numerous  fossil  shells,  in  a  very 
fragile  state.  To  the  north  of  Alum  bay  is  the  hill  called 
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Headen,  400  feet  high,  composed  of  the  same  horizontal 
strata  ©f  which  the  north  part  of  the  island  consists.  In  this 
hill  is  distinctly  seen  the  alternation  of  marine  and  fresh-water 
deposits. 

The  lower  fresh-water  formation,  appears  in  a  series  of 
sandy  calcareous  and  argillaceous  marls,  sometimes  with  more 
or  less  of  a  brownish  coaly  matter.  Some  of  them  appear  to 
consist  of  fragments  of  fresh-water  shells,  many  of  wdiich  are 
sufficiently  entire  to  ascertain  their  species.  These  are  the 
lymneus,  planorbis,  and  cyclostoma,  and  perhaps  the  helix; 
with  a  bivalve  resembling  the  fresh-water  mytilus.  These 
beds  lie  immediately  upon  the  black  clay,  which  covers  the 
white  sand  already  noticed.  The  quantity  of  shells  is  by 
much  too  considerable  to  suppose  that  they  could  have  been 
carried  by  rivers  or  streams  into  an  arm  of  the  sea;  and  in 
this  case  there  would  probably  have  been  an  intermixture  of 
marine  shells.  We  are  compelled,  therefore,  to  suppose  that 
the  spots  where  they  now  are  were  once  occupied  by  fresh 
water,  in  which  these  animals  existed  in  a  living  state.  Fresh¬ 
water  strata  occur  in  other  parts  of  the  Isle  of  Wight.  Over 
the  lower  fresh- water  formation  in  the  Isle  of  Wight,  a  stratum 
occurs,  consisting  of  clay  and  marl,  which  contains  a  vast 
number  of  fossil  shells  wholly  marine.  At  Headen,  it  appears 
half-way  up  the  cliff,  and  about  thirty-six  feet  thick.  The 
shells  are  so  numerous  that  they  may  be  gathered  by  hand¬ 
fuls,  and  are  in  general  extremely  perfect.  From  their  de¬ 
licacy  and  perfect  preservation,  it  is  probable  they  lived  near 
the  spots  where  they  are  now  found.  Immediately  above  the 
last  stratum,  is  a  thin  bed  of  sand  of  six  inches,  upon  which, 
rests  an  extensive  calcareous  stratum  of  fifty-five  feet  in  thick¬ 
ness,  every  part  of  which  contains  fresh-water  shells  in  abund¬ 
ance,  without  an  admixture  of  marine  exuviae.  Many  of  the 
shells  are  quite  entire.  This  place  must  have  been  the  bosom 
of  an  extensive  lake  in  some  period  far  antecedent  to  human 
history ;  and  the  earth  must  since  have  undergone  various 
revolutions,  as  these,  instead  of  being  now  in  a  hollow,  are  at 
the  top  of  a  hill*.  Over  this  bed  is  a  stratum  of  clay  of 
eleven  feet  in  thickness,  containing  fragments  of  a  shell  of 


*  An  instance  of  the  gradual  formation  of  a  basin  may  be  seen  at 
this  day  at  Whittlesea  Mere,  which  till  lately  consisted  of  a  fresh-water 
lake,  ten  or  twelve  miles  round,  but  has  recently  been  drained  by  art, 
when  its  bottom  was  found  to  consist  of  finely  triturated  vegetable 
remains,  constituting  a  black  clay,  of  the  consistence  of  butter  or  new 
cheese,  to  the  depth  of  several  hundred  feet,  increasing  in  hardness  as 
in  depth,  the  whole  being  filled  with  fresh-water  shells  and  vegetable 
remains 
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the  bivalve  kind.  Above  this  stratum  is  the  alluvium,  which 
here,  besides  vegetable  earth,  clays,  marls,  and  sand,  has  a  vast 
quantity  of  rounded  siliceous  pebbles  of  various  kinds. 

The  district  on  which  the  capital  of  France  is  situated 
is,  perhaps,  the  most  remarkable  that  has  yet  been 
observed,  both  from  the  succession  of  different  soils  of 
which  it  is  formed,  and  from  the  extraordinary  organic 
remains  which  it  contains.  Millions  of  marine  shells, 
which  alternate  regularly  with  fresh-water  shells,  com¬ 
pose  the  principal  mass.  Bones  of  land  animals,  of 
which  the  genera  are  entirely  unknown,  are  found  in 
certain  parts ;  other  bones,  remarkable  for  their  vast 
size,  and  of  which  some  of  similar  genera  exist  only  in 
distant  countries,  are  found  scattered  in  the  upper  beds. 
A  marked  character  of  a  great  irruption  from  the 
south-east  is  impressed  on  the  summits,  (caps)  and  in 
the  direction  of  the  principal  hills.  In  one  word,  no 
canton  can  afford  more  instruction  respecting  the  last 
revolutions  which  have  teVminated  the  formation  of  the 
present  continents.  It  appears  that  the  country  round 
Paris  is,  in  many  respects,  similar  to  the  country  round 
London;  they  both  rest  upon  chalk  as  the  foundation 
rock,  and  over  this  chalk  are  beds  of  clay  and  marl, 
containing  the  remains  of  fresh-water  shells  and  of 
large  quadrupeds:  the  principal  difference  consists  in 
the  gypsum  and  millstone,  which  are  local  formations, 
and  are  not  found  in  the  chalk  districts  of  England, 
Though  chalk  is  the  foundation  rock  of  the  country  for 
a  considerable  extent  round  Paris,  it  only  rises  to  the 
surface  in  a  few  situations,  being  covered  by  the  other 
strata  in  the  following  order; 

1.  Chalk  and  flint. 

2.  Plastic  clay  and  lower  sand.’ 

3.  Coarse  limestone,  or  calcaire  grossiere. 

4.  Lower  marine  sand-stone. 

In  some  situations,  on  the  same  level  with  3,  4,  is  a  bed  of  calca¬ 
reous  stone,  penetrated  by  silex,  without  shells  ;_it  occupies  the  place 
of  3  and  4,  where  it  occurs. 

6.  Lower  fresh  water  strata. 

7.  Gypsumous  clay,  and  gypsum  containing  bones  of  quadrupeds. 

5.  A  bed  of  oysters. 

9.  Sand  and  sand-stone,  without  shells. 

10.  Superior  marine  sand-stone. 

11.  Mill-stone  without  shells  and  argillaceous  sand.’ 

12.  Fresh-water  formation,  including  marls,  mill-stone,  and  fresh- 
shells. 
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13.  Alluvial  soil,  ancient  and  modern,  including  pebbles,  pudding 
stone,  black  earth  (/’es  marries  argilleuses  noires )  and  peat. 

The  total  thickness  of  the  different  beds  and  strata 
over  the  chalk,  as  given  in  an  ideal  section  of  the 
country,  is  about  1(>0  yards,  or  490  feet.  The  plaster 
quarries  at  Montmartre,  in  the  environs  of  Paris,  are 
celebrated  for  their  numerous  and  remarkable  organic 
remains,  Montmartre  is  elevated  about  eighty  yards 
above  the  level  of  the  Seine.  The  summit  is  covered 
with  vegetable  earth,  under  which  is  a  bed  of  sand 
mixed  with  pebbles  of  flint.  Horizontal  strata  of 
marl,  earthy  limestone,  and  gypsum,  succeed  each 
other.  The  following  are  the  inferences  which  Cuvier 
and  Brongniart  have  drawn  from  the  organic  re¬ 
mains  of  marine  and  fresh-water  animals  found  over 
each  other  at  this  place;  they  suppose  it  has  been  al¬ 
ternately  covered  by  different  accumulations  of  salt 
and  fresh  water. 

1.  A  sea  which  deposited  an  enormous  mass  of  chalk,  with  xnolus- 
cotis  animals  of  a  particular  species. 

2.  The  sudden  variation  of  this  deposition,  and  the  succession  of  one 
entirely  different,  ( d'une  toute  autre  nature ),  which  deposited  only  beds 
of  clay  and  sand.  Fossil  wood  is  discovered  in  these  beds. 

3.  Another  sea  soon  succeeded,  (or  the  same  returned  again),  pro¬ 
ducing  new  inhabitants;  a  prodigious  quantity  of  testaceous  molusci, 
different  from  those  in  chalk,  form  thick  beds  at  the  bottom  of  this 
deposition,  which  are  principally  composed  of  the  covering  of  tes¬ 
taceous  molusci,  ( des  envelopes  testacees).  This  sea  soon  after  re¬ 
turned.. 

4.  The  surface  was  covered  with  fresh  water,  (eau  douce),  and  beds 
were  formed,  alternating  with  gypsum  and  marl,  which  enveloped 
the  debris  of  animals  ored  in  the  lakes,  and  the  bones  of  those  living 
on  its  banks. 

5.  The  salt  wrater  returned,  and  supported  first  a  species  of  ani¬ 
mals  with  bivalve  shells,  and  others  with  turbinated  shells  (“  coquilles 
turbinatees”) ;  these  shells  ceased  to  be  formed,  and  were  succeeded 
by  oysters.  An  interval  of  time  elapsed,  during  which,  a  considerable 
deposition  of  sand  took  place;  no  animals  then  existed  in  these  lakes, 
or  their  remains  have  been  entirely  destroyed. 

6.  The  various  productions  of  the  second  lowrer  sea  (“  la  mer  in- 
ferieure”)  re-appear,  and  we  find  on  the  summit  of  Montmartre,  Ro- 
manville,  &c.  the  same  shells  which  occur  in  the  middle  of  the  coarse 
earthy  limestone  (“  calcaire  grossiere”). 

7.  At  length  the  sea  entirely  disappeared  for  the  second  time 
from  the  lakes,  and  pools  of  fresh  water  (“  mares  d’eau  douce”)  sup¬ 
plied  its  place,  and  covered  with  their  inhabitants  almost  all  the  sum¬ 
mits  of  the  adjacent  banks,  and  the  surface  of  some  of  the  plains  which 
separated  them. 

The  third  of  the  four  subdivisions  of  the  supermedial  rocks, 
namely,  the  oolitic  series,  is  chiefly  important  as  the  great 
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repository  of  the  principal  architectural  materials  which  the 
island  affords,  and  may  be  generally  described  as  consisting  of 
a  series  of  alternating  oolitic  limestone,  of  calcareo-siliceous 
sandstones,  and  of  argillaceous  and  argillo-calcareous  beds, 
repeated  in  the  same  order.  Three  of  these  systems  appear  to 
comprehend  all  the  beds  which  intervene  between  the  iron 
sand  and  the  new  red  sandstone,  and  each  system  lies  upon  a 
thick  argillo-calcareous  formation,  constituting  a  well  marked 
line  of  demarcation,  the  oolitic  rocks  of  each  system  forming 
a  distinct  range  of  hills  separated  from  those  of  the  other 
systems  by  a  broad  argillaceous  valley.  In  England,  these 
formations  occupy  a  zone,  having  nearly  thirty  miles  in  average 
breadth,  extending  across  the  island  from  Yorkshire  on  the 
north-east,  to  Dorsetshire  on  the  south-west:  they  are  charac¬ 
terized  by  peculiar  organic  remains,  among  which  we  dis¬ 
cover  many  extinct  genera  of  oviparous  quadrupeds,  ap¬ 
parently  inhabitants  of  salt  water  only,  various  vertebral  fishes, 
testacea  of  all  descriptions,  coralloid  zoophytes,  encrinites,  &c. 
The  whole  of  the  oolitic  series  reposes  upon  argillaceous  de¬ 
posits,  the  uppermost  of  which  are  deep  blue  marl,  with  a  few- 
irregular  beds  of  limestone,  which  increase  in  frequency  as 
we  descend,  and  present  a  series  of  thin  stony  beds  separated 
by  narrow  argillaceous  layers.  These  beds  are  known  by 
the  name  of  lias;  they  are  argillo-calcareous,  while  the  blue 
or  grey  lias  contains  oxide  of  iron,  and  forms,  when  calcined, 
a  strong  lime,  distinguished  by  its  property  of  setting  under 
water.  Organic  remains  are  here  very  abundant  and  interest¬ 
ing;  they  embrace  more  vertebral  animals  than  are  found  in 
any  other  formation;  among  them  are  two  remarkable  extinct 
genera  of  oviparous  quadrupeds,  the  ichthyosaurus,  and  the 
plesiosaurus. 

The  strata  which  intervene  between  the  lias  and  the  deposits 
of  coal,  are  referable  to  two  formations  very  intimately  con¬ 
nected  together,  viz.,  1st.  a  series  of  marly  and  sandy  beds, 
intermixed  with  conglomerates  derived  from  older  rocks, 
containing  gypsum  and  rock  salt:  and  2dly,  a  calcareous 
formation,  often  breciated,  and  containing  magnesia,  lying  be¬ 
low  or  in  the  lower  portion  of  the  above  series.  The  former 
deposits  are  commonly  called  red  marl,  or  new  red  sandstone; 
the  latter,  magnesian  limestone. 

The  series  of  rock  formations  included  in  the  medial 
or  carboniferous  order,  admit  of  the  following  subdivi- 
j  sion:  1.  Coal.  2.  Millstone  grit  and  shale.  3.  Car- 
i{  boniferous,  or  mountain  limestone.  4.  Old  red  sand- 
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stone :  and  in  forming  an  accurate  notion  of  the  geo¬ 
logy  of  our  coal  districts,  we  shall  be  much  assisted 
by  keeping  in  view  the  mutual  relations  and  connex¬ 
ions  of  these  four  substances;  remembering,  always, 
that  although  carbonaceous  beds  occur  in  other  forma¬ 
tions,  it  is  only  in  the  limits  of  the  strata  at  which  we 
have  now  arrived,  that  supplies  of  coal  capable  ot 
being  profitably  worked  are  to  be  found. 

This  whole  series  reposes  upon  an  important  assemblage  of  strata, 
chiefly  calcareous,  and  from  its  association  with  coal,  is  called  carboni¬ 
ferous  limestone;  as  it  forms  considerable  hills,  and  is  rich  in  metals, 
the  terms  mountain  and  metalliferous  limestone,  have  also  been  ap¬ 
plied  to  it. 

it  is  the  principal  depository  of  the  British  lead  mines,  those  of 
Northumberland,  Durham,  Yorkshire,  Derbyshire,  and  Cumberland, 
being  all  situated  in  it;  it  also  affords  ores  of  some  other  metals,  and 
a  variety  of  beautiful  crystallized  minerals. 

The  strata  of  carboniferous  limestone  exhibit  all  the  irregularities 
of  the  accompanying  coal  measures;  they  are  often  greatly  inclined, 
contorted,  and  dislocated:  and,  when  they  alternate  with  argillaceous 
strata,  they  generally  abound  in  springs,  which  break  out  often  with 
singular  impetuosity.  The  hot  springs  of  Buxton,  Matlock,  and  Clif¬ 
ton,  are  upon  this  formation;  the  waters  are  generally;  remarkably 
pure  and  pellucid,  though  sometimes  so  loaded  with  carbonate  of 
lime,  held  in  solution  by  excess  of  carbonic  acid,  as  to  deposit  it,  as 
a  tufa,  upon  the  adjacent  rock,  or  incrust  substances  accidentally 
immersed;  such  are  the  petrifying  springs  of  Matlock,  Middle - 
ton,  &c. 

We  now  reach  the  lowest  member  of  the  carboni¬ 
ferous  or  medial  series  of  rocks,  which,  from  its  pri¬ 
ority  of  deposition,  is  termed  old  red  sandstone;  it  is 
sometimes  separated  from  the  limestone  by  a  layer  of 
shale:  it  is  a  mechanical  aggregate,  constituted  appa¬ 
rently  of  abraded  quartz,  mica,  and  felspar,  contain¬ 
ing  fragments  of  quartz  and  slate ;  sometimes  its  tex¬ 
ture  is  slaty  and  fine-grained;  at  others  it  passes  into  a 
conglomerate. 

Mr.  Middleton,  in  another  and  popular  view  of  this 
interesting  subject,  in  which  he  takes  no  cognizance  of 
Webster  and  Cuvier’s  theory  of  chalk  basins,  states  that 
the  British  strata  are  arranged  nearly  in  the  follow¬ 
ing  order : 

1.  Vegetable  mould ,  a  foot  or  two  in  thickness. 

2.  Brick  earth,  a  few  feet  in  thickness,  as  in  the 
brick-fields  near  London,  and  many  other  places,  but 
by  no  means  generally. 

3.  Beds  of  shells ,  sand ,  and  gravel ,  from  five  to 
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feet  in  thickness.  These  are  exposed  to  view  in 
liffs  on  the  coast  of  Essex  and  Suffolk.  The 
shells  and  sand  have  been  mostly  washed  off  in  Mid¬ 
dlesex  and  Surrey;  but  the  gravel,  a  few  feet  in  thick¬ 
ness,  remains,  and  it  is  used  for  making*  and  repairing 
the  roads.  In  some  places  it  is  a  free  sandy  gravel, 
and  in  other  places  it  is  mixed  with  a  chestnut-coloured 
clay.  The  greater  part  of  the  materials  which  compose 
this  stratum  have  been  formed  in  tho  places  where  we 
now  find  them ;  but  such  of  them  as  consist  of  rounded 
pebbles  have  been  fragments  of  older  strata,  broken 
and  rolled  to  their  present  situation  by  the  ocean.  This 
stratum  is  known  to  extend  over  Middlesex  and  Essex: 
as  well  as  the  north  side  of  Surrey,  some  parts  of 
Kent,  Hertfordshire,  Buckinghamshire,  and  Suffolk; 
it  is  also  met  with  at  Hartley-row,  on  the  road  to  Ba¬ 
singstoke,  at  West-Cowes,  on  the  north  side  of  the 
Isle  of  Wight,  and  many  other  places ;  but  with  inter¬ 
ruptions  and  displacements,  by  being  occasionally 
washed  away. 

4.  London  clay.  Immediately  under  the  foregoing 
formation,  is  a  clay  stratum  of  from  one  or  two  hun¬ 
dred  to  nearly  three  hundred  feet  in  thickness.  Its  co¬ 
lour  at  the  top,  and  to  the  depth  of  five  or  ten,  and 
occasionally  to  fifteen  or  twenty  feet,  is  a  chestnut.  At 
that  depth,  the  fissures  of  this  stratum  become  stained 
with  sky  blue ;  and,  at  thirty  or  forty  feet  from  the  top, 

the  whole  substance  of  this  clav  is  of  a  lead  colour. 

•• 

The  depth  of  colour  increases  with  the  depth  of  the 
stratum  to  a  much  darker  blue,  or  even  to  verge  on  a 
dull  black. 

This  blue  clay  contains  septaria,  (balls  cf  indurated  clay, 
iron,  and  spar,)  in  nodules  and  layers;  as  well  as  occasionally 
many  crystals,  resembling  icicles,  three  or  four  inches  in 
length.  These  septaria  balls,  on  being  reduced  by  the  ham¬ 
mer,  then  burned  in  a  lime  kiln,  and  ground,  produce  Parker’s 
addition  of  about  fifty  per  cent,  of  siliceous  sand,  previously 
washed  till  it  is  free  from  animal,  vegetable,  and  earthy,  mat¬ 
ter,  and  then  to  be  properly  watered,  worked,  and  used  in  a 
state  of  mortar,  to  make  an  excellent  cement  for  walls  of  every 
kind.  Or  any  sound  wall,  by  being  plastered  over  with  it, 
receives  a  coat  which  becomes  an  actual  stone  of  the  harder 
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Roman  cement.  This  stratum  of  clay  also  contains,  not  far 
below  the  surface  of  it,  the  tusks  of  elephants,  the  bones  of 
animals,  and  petrified  wood;  and  it  prevails  near  the  surface 
of  the  ground  through  Middlesex  and  Essex,  the  northern 
parts  of  Surrey,  on  the  hills  above  Hurley,  in  Berkshire,  at 
Hartley-row,  and  the  north  side  of  the  Isle  of  Wight,  in 
Hampshire,  as  well  as  in  Buckinghamshire  and  Kent,  through 
Suffolk,  Norfolk,  and  farther  northward  along  the  east  coast. 

When  good  spring-water  is  not  to  be  met  with  above  this 
soil,  it  is  not  to  be  obtained  without  digging  through  it,  as 
well  as  through  a  stratum  of  marine  shells,  which  lie  under  it, 
into  the  sandy  subsoil.  Every  interstice  of  that  sand  is  full 
of  excellent  water,  and  it  usually  rises  in  the  well  to  a  con¬ 
siderable  height,  even  in  many  cases  to  overflow  the  surface. 

The  road  dug  through  Highgate-hill  was  wholly  in  this 
clay,  and  the  works  at  that  place  brought  to  light  many  petri¬ 
factions.  Among  the  rest  was  a  tree  thirty  or  forty  feet  below 
the  surface,  which  evidently  shewed  that  worms  had  eaten 
their  way  through  it  in  every  direction,  and  that  the  cavities 
occasioned  by  them  were  nearly  filled  with  mineral  matter. 
An  elephant’s  tusk  was  found  in  this  clay,  not  far  below  the 
surface  of  it,  by  the  workmen  employed  in  a  brick-field  at 
Kingsland.  This  tusk  was  rather  thicker  arid  more  bent,  but 
not  longer,  than  those  of  the  living  animals  at  this  time. 

5.  A  stratum  of  shells,  pebbles,  and  sand. 

A  bed  of  shells,  consisting’  of  oysters  and  cockles, 
though  mostly  the  former,  sometimes  whole,  but  more 
frequently  in  fragments.  These  shells  are  cemented 
together  by  the  lead-coloured  London  clay,  and  the 
glutinous  remains  of  fish.  They  compose  a  layer  of 
two  or  three  feet  in  thickness.  Under  that  there  is 
generally  eight  or  ten  feet  of  a  chestnut-coloured  loam, 
containing  a  few  sea  shells,  reposing  upon  another  bed 
of  compact  shells  a  foot  or  two  thick.  The  whole  of  this 
formation  is  about  twelve  or  fifteen  feet  in  thickness. 

This  bed  of  shells  has  been  seen  in  many  places,  but 
it  is  not  supposed  to  exist  universally ;  for  instance,  it 
does  not  appear  in  the  pits  for  fire-clay  at  Ewell,  nor 
in  those  for  tobacco-pipe  clay  in  Purbeck.  But  it  is 
said  to  be  invariably  found  under  the  London  clay,  in 
sinking  wells  of  considerable  depth  in  Middlesex  and 
Surrey.  In  the  place  of  these  shells  at  Ewell,  where 
they  were  expected  to  basset,  or  rise  gradually  to  the 
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surface,  the  fire-clay  is  found,  in  two  or  three  layers  of 
different  qualities,  rising*  from  under  the  edge  of  the 
London  clay.  The  uppermost  of  these  beds  is  of  a 
reddish  or  ruddy  colour,  with  blue  veins.  The  next  is 
a  bed  of  clay,  about  three  feet  thick,  not  much  unlike 
fuller’s  earth,  and  this  rests  upon  sand  of  a  similar 
brown  colour.  That  is,  the  lowest  bed  of  this  fire-clav 
lies  upon  the  upper  bed  of  Blackheath  sand,  beneath 
which  may  be  seen  the  lower  bed  of  white  sand,  and 
under  that  the  chalk.  The  foregoing  fire-clay  rests 
upon  the  Blackheath  sand,  which  forms  the  immediate 
covering  of  chalk. 

A  short  account  of  the  Norden  Clay  Pits  in  Purbec’ ,  owing 
to  their  producing  great  quantities  of  the  best  pipe-clay,  may 
be  here  properly  introduced.  This  clay  is  in  a  similar  situa¬ 
tion  to  the  fire-clay  at  Ewell.  The  pits  are  dug  in  a  tract  of 
barren  land,  and  situated  about  one  mile  north-west  from  Corfe 
Castle.  A  section  of  one  of  the  pits  exhibits  the  following 
appearance. 

1st.  Vegetable  mould,  a  peat  earth,  producing  heath  1  ft.  thick 

2nd.  White  clay  and  sand,  in  patches .  5  ft.  thick 

3rd.  Sand,  stained  with  iron,  of  a  chestnut  colour  ....  10  ft.  thick 

4th.  Iron  and  stone .  1  ft.  thick 

5th.  Ash-coloured  clay,  with  patches  of  coal.  This 

colour  may  be  attributed  to  the  stain  of  the  coal  10  ft.  thick 
6th,  Coal,  stained,  in  patches,  with  white  clay.  This 
coal  is  said  to  be  unfit  for  domestic  use,  owing  to 

its  sulphureous  smell  .  3  ft.  thick 

7th.  Pipe  clay,  white  and  compact,  in  two  beds;  di¬ 
vided  by  a  layer  of  chocolate-coloured  clay,  one 
foot  thick;  the  lower  bed  is  esteemed  the  best.  17  ft.  thick 
8th.  Sandy  clay  of  the  same  white  colour  as  the  best; 
it  is  nearly  dry  to  three  feet  deep,  and  below 
that  the  springs  prevent  any  deeper  search  ....  3  ft.  thick 

* _ 

The  very  best  white  clay  is  the  only  sort  sent  to 
market  from  this  place. 

*  This  clay  is  on  the  north  side  of  a  lofty  chalk  down, 
’towards  which  it  ascends  and  feathers  out  so  as  to  be 
lost,  at  one  hundred  yards  or  more  from  the  skirt  of 
the  down.  The  coal  which  covers  the  clay  obviously 
originated  from  timber  and  other  wood ;  the  specimens 
submitted  to  examination  were  found  to  contain  a  por¬ 
tion  of  mundic  and  sulphur. 

Blackheath  sand  lies  under  the  foregoing  bed  of 
marine  shells.  The  upper  part  of  this  formation  con¬ 
sists  of  pebbles  of  the  size  of  horse-beans,  marbles, 
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and  walnuts;  they  are  of  many  colours  and  vetiy  in 
depth  from  a  foot  or  two,  to  ten,  fifteen,  or  twenty  feet. 
■They  form  the  surface  at  Blackheath,  Woolwich,  and 
other  places  in  Kent,  as  well  as  on  Shirley  common, 
Addington-hills,  and  Croomhurst,  in  Surrey  ;  and  they 
are  to  be  seen  in  many  other  places.  The  pebbles  are 
nearly  free  from  earthy  mixture,  and,  where  they  form 
the  surface  of  the  soil,  it  is  extremely  unproductive. 
Loose  sand  lies  immediately  under  them  ;  it  is  of  a  fawn 
colour,  and  ten  or  fifteen  feet  in  thickness;  beneath 
that  is  thirty  or  forty  feet  of  sand,  nearly  white,  which 
is  dug  in  the  pits,  at  Shirley,  in  Surrey,  but  only  to 
the  depth  of  fifteen  feet;  it  continues  to  a  greater 
depth,  but  the  rest  of  it  is  drowned  in  water. 

Under  London,  and  in  the  neighbourhood  of  that 
city,  as  well  as  wherever  this  formation  happens  to  be 
in  a  low  situation,  it  is  full  of  water;  but,  where  it 
rises  to  the  surface,  it  is  dry  sand.  A  fine  section  of 
it,  upon  chalk,  may  be  seen  in  a  large  pit  at  Upper 
Greenwich,  very  near  Blackheath,  in  Kent.  It  may 
also  be  seen  to  rest  upon  chalk,  on  the  south  side  of 
Addington-hills,  Croomhurst,  and  other  places  in  Sur¬ 
rey.  The  sandy  part  of  this  formation  lies  between  the 
fire-clay  and  the  chalk  in  brick  and  tile  fields,  on  the 
side  of  the  roads  at  the  east  end  of  Ewell ;  it  is  be¬ 
lieved  to  lie  under  the  pipe-clay  of  Purbeck,  but  in 
these  places  the  pebbles  are  found  to  be  missing.  It 
also  rises  from  under  the  lead-coloured  clay  of  London, 
and  forms  the  surface  across  the  middle  of  the  Isle  of 
Wight,  in  a  direction  from  east  to  west.  It  is  found 
in  the  same  position  in  Studland  Bay,  Purbeck,  but  it 
is  not  universally  found  upon  chalk ;  as  the  places  are 
very  numerous  in  which  different  shades  of  chestnut- 
coloured  clay  is  the  immediate  covering  of  chalk. 
But,  wherever  this  formation  exists,  it  lies  upon  chalk, 
and  it  rises  to  the  surface,  or  bassets  out  on  the  Londop 
side  of  all  the  chalk  hills. 

The  excavation  at  Highgate,  for  the  archway,  or  tunnel, 
passed  at  so  great  a  depth  in  the  London  clay,  as  to  cut 
through  it,  and  break  up  the  marine  bed  which  lies  under  the 
clay*.  In  this  marine  bed  were  found  many  fossil  oysters, 


*  Such  as  ashes,  cream,  cornelian,  &c. 


STRATA  OF  THE  EARTH. 


307 


lobsters,  shark’s  teeth,  mackerel,  muscles  of  one  inch  in  length, 
and  masses  of  other  perfect  shells,  one-fourth  of  an  inch  in 
diameter.  The  two  last  sort  of  shells  were  in  some  instances 
cemented  to  the  clay-balls,  called  septaria. 

The  bottom  of  the  excavation  which  failed  under 
Hornsey  lane,  is  not  many  feet  above  the  stratum  of 
chalk. 

6.  Chalk. — This  formation  is  the  next  older  stratum, 
and  that  it  is  a  marine  sediment  is  proved  by. its  con¬ 
taining  the  shells  of  oysters,  mfoscles,  cockles,  sharks’ 
teeth,  and  upwards  of  fifty  other  fossils.  The  state  in 
which  these  fossils  are  found,  prove,  says  Mr.  Parkin¬ 
son,  “  the  matrix  in  which  they  are  imbedded,  was 
formed  by  a  gradual  deposition  from  the  surrounding 
fluid,  which  entombed  these  animals  while  living  in 
their  native  beds.”  The  stratum  is  now  of  various 
thicknesses,  up  to  eight  or  nine  hundred  feet;  soon 
after  its  formation,  or  before  it  was  fully  compressed, 
it  must  have  exceeded  a  thousand  feet  in  thickness.  It 
is  porous,  loose,  and  dry,  near  the  top ;  but  at  greater 
depths  it  is  compact.  At  two-thirds,  or  tbree-fourfhs, 
of  its  depth,  is  obtained  hard  chalk  tinted  brown  ; 
which  is  broken  and  burnt  into  Dorking  lime. 
The  lower  beds  of  chalk,  like  most  other  strata,  in¬ 
crease  in  hardness,  in  proportion  to  their  greater  depth, 
until  it  becomes  stone.  Within  a  few  yards  of  the 
bottom  of  this  formation,  there  are  one  or  more  beds  of 
•it  so  hard,  as  to  be  nearly  equal  to  the  best  Portland 
stone.  But,  as  an  exception  to  the  usual  order  of 
things,  this  hard  stone,  in  Merstham  Quarry,  lies  on  a 
bed  of  soft  easy- working  stone,  called  fire-stone,  which 
is  three  or  four  yards  in  thickness.  This  stone  is  cal¬ 
careous,  and  of  a  deep  cream  colour.  It  is  dug  and 
squared  at  Gatton,  Merstham,  and  Godstone,  at  per 
cubical  foot,  for  the  London  masons,  who  use  it  in 
fire-places.  The  upper  parts  of  the  chalk  stratum,  to 
about  six  hundred  feet  in  thickness,  contain  layers  and 
nodules  of  black  glossy  flint;  and  the  lower  parts  of  it, 
which  are  two  or  three  hundred  feet  in  thickness,  con¬ 
tain  flint  of  an  ash-grey  colour. 

The  Foreland,  between  the  bays  of  Studland  and  Swanage, 
in  Dorsetshire,  shews  a  pretty  good  section  of  the  chalk  stra¬ 
tum  ;  in  that  place,  three  of  us  estimated  the  chalk  with 
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black  flints  to  be  six  hundred  feet,  and  the  lower  beds  to  be 
two  hundred  feet  in  thickness.  High-down,  at  the  south¬ 
west  corner  of  the  Isle  of  Wight,  is  all  of  the  chalk  formation, 
and  it  rises  700  feet  above  the  sea.  This  chalk  mountain 
has  been  rent  from  the  horizontal  chalk  stratum ;  on  that 
occasion,  one  edge  of  it  has  been  turned  up,  and  the  other 
down,  until  the  strata  settled  in  a  vertical  position.  This 
movement  included  two  beds  of  clay,  and  many  of  sand  be¬ 
neath  the  chalk;  these  are  vertical,  and  exhibit  all  the  colours 
of  the  rainbow  adjoining  the  Downs  in  Alum  Bay. 

The  lower  beds  of  the  chalk  formation,  and  every  fissure  in 
them,  are,  with  few  exceptions,  completely  filled  with  water. 
All  the  rain  and  snow  which  fall  upon  chalk,  percolate  down¬ 
wards  to  its  base,  where  the  water  is  stopped  by  a  sub-soil  of 
blue  clay  ;  and  that  occasions  it  to  accumulate  in  the  chalk, 
until  it  rises  to  such  a  height  as  enables  it  to  flow/  over 
the  surface  of  the  adjoining  land.  In  this  manner  are  formed 
the  springs  and  rivulets  which  issue  near  the  foot  of  every 
chalk-hill.  In  the  Cove,  at  West  Lulworth,  are  fine  fresh  water 
streams  from  the  base  of  the  adjoining  mountain  of  chalk,  just 
above  the  level  of  the  sea.  The  water  which  issues  from  the 
chalk  at  Croydon,  Beddington,  and  Carshalton,  forms  the  river 
Wandle;  and  the  same  thing  happens  at  Ewell,  Merstham, 
and  other  places. 

Mr.  Hilton  JolifFe  made  a  culvert  several  hundred  yards  in* 
length,  from  a  level  so  low  as  to  pass  through  his  works  in  the 
chalk  at  Merstham,  by  which  a  rivulet  of  water,  sufficient  to 
.urn  a  mill,  is  constantly  running  off.  This  culvert  drains  the 
water  off  so  as  to  enable  him  to  raise  the  lower  beds  of  the  chalk 
stratum;  these  consist  of  chalk  stained  with  iron,  to  burn  for 
Dorking  lime;  of  a  stone,  which  is  supposed  to  be  nearly 
€Cjual  to  Portland-stone;  and  fire-stone,  lying  immediately 
under  each  other,  without  any  intermediate  matter,  and  in  the 
order  in  which  they  are  mentioned.  The  chalk  stratum 
passes  under  London,  at  the  depth  of  three,  four,  or  at  the 
most  within  five,  hundred  feet.  It  is  said,  that  the  chalk 
stratum  was  found  at  the  depth  of  one  hundred  and  eio-ht 
feet,  in  sinking  a  well  at  the  Victualling-office,  Deptford.  &It 
gradually  rises  to  the  surface  in  about  ten  miles,  as  at  Croydon 
and  other  places;  it  then  lies  immediately  under  a  thin 
vegetable  mould,  and  continues  to  ascend  for  eight  or  ten  miles 
more  to  the  south;  there  it  has  attained  its  greatest  height,  and 
forms  a  range  of  stupendous  hills  on  the  north  side  of  the 
town  of  Folkstone,  Ashford,  Maidstone,  Wrotham,  and 
Westerham,  in  Kent ;  Godstone,  Reigate,  Dorking,  Guildford, 
and  Faraham,  in  Surrey;  as  well  as  on  the  north  side  of  the 
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South  Downs,  in  Sussex ;  and  above  all  the  precipices  of 
chalk  stratum  in  England. 

Indurated  chalk  stained  with  iron  for  Dorking'  lime, 
(a  rock  which  is  supposed  to  be  nearly  equal  to  Port¬ 
land-stone,  and  fire-stone),  may  all  be  obtained  wherever 
there  is  chalk.  Where  that  stratum  rises  into  high 
precipices,  these  things  may  be  obtained  at  the  easy 
rate  of  quarrying  near  the  bottom  of  such  steeps  ;  and 
in  all  other  parts  of  the  chalk  stratum,  by  sinking  a 
mine  to  the  place  where  they  repose,  near  and  at  the 
bottom  of  it.  At  Denbies,  near  Dorking,  Surrey,  such 
a  well  was  sunk,  on  the  top  of  that  high  hill,  to  the 
depth  of  four  hundred  and  forty  feet,  and  there  obtained 
a  full  supply  of  fine  water  ;  if  the  object  had  been  stone, 
it  would  have  been  found  at  the  same  depth. 

7.  Clay  of  a  deep  blue  colour ,  and  calcareous  as 
chalk. — A  section  of  this  clay,  well  defined,  measured 
fifteen  feet;  towards  the  bottom  of  the  bed  it  is  rather 
laminated.  There  is  a  lower  bed  of  it,  but  so  much 
mixed  with  sand,  as  to  render  it  rather  of  a  lighter 
colour  than  the  above;  and  this  is  fifteen  feet  thick. 
These  formations  of  clay  were  seen  immediately  under 
the  chalk,  near  the  Chine,  at  St.  Catherine’s,  and  at 
Compton-down,  on  the  south-side  of  the  Isle  of  Wight, 
and  on  the  north  side  of  Swanage-bay,  as  well  as  at 
Luhvorth  Cove  in  Dorsetshire.  This  stratum  lies  im¬ 
mediately  under  the  chalk,  and  riseth  to  the  surface,  on 
the  south  side  of  the  Downs  in  Surrey  and  Kent;  as 
well  as  on  the  north  side  of  the  South-downs  in  Sus¬ 
sex  ;  it  every  where  forms  a  soil  of  so  dark  a  blue 
colour,  as  induces  the  country  people  to  call  it  black 
land.  The  specimens  of  this  formation,  which  have 
been  examined,  shew  that  it  is  a  clayey  marl,  which 
effervesces  very  freely  with  acids'. 

This  formation  of  clay  lies  between  chalk  and  sand 
of  great  depth  ;  therefore,  it  is  obvious,  that  the  places 
are  very  numerous,  in  which  much  of  the  vast  quantity 
of  water,  now  lodged  in  the  lower  beds  of  chalk,  might 
be  passed  through  this  tenacious  stratum  into  tire  sand 
under  it,  by  the  easy  means  of  boring  a  sufficient  num¬ 
ber  of  large  auger  boles,  a  few  yards  deep.  To  illus¬ 
trate  the  formation  and  arrangement  of  strata,  we  have 
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annexed  engravings  of  two  sections  of  the  strata,  as  it 
bassets  or  comes  to  the  surface,  nearly  across  the  island, 
and  another  representing  the  alternation  of  strata,  at  a 
coal-pit  in  Cumberland,  and  they  merit  the  close  atten¬ 
tion  of  the  student. 

In  general,  our  English  rocks  agree  with  the  order 
of  those  found  on  the  continent.  But  our  greywaeke 
rests  immediately  upon  transition  limestone,  without 
the  intervention  of  transition  trap;  and  our  transition 
flinty  slate,  does  not  occur  between  the  old  red  sandstone 
and  the  greywaeke.  In  superposition,  W  erner  enume¬ 
rates  ten  rocks  between  the  transition  formation  and  coal, 
namely,  old  red  sandstone,  first  floetz  limestone,  floetz 
gypsum,  variegated  sandstone,  second  floetz  gypsum, 
shell  limestone,  third  sandstone,  rock  salt,  chalk,  floetz 
trap,  coal.  In  this  country  the  order  is,  old  red  sand¬ 
stone,  mountain  limestone,  coal.  Hence  it  would  seem, 
that  eight  rocks,  out  of  the  ten,  are  wanted.  But 
this  is  not  the  fact.  The  first  floetz  limestone  of  Wer¬ 
ner,  which  on  the  continent  rests  upon  the  old  red 
sandstone,  is  identical  with  the  English  magnesian 
limestone,  which  is  above  coal.  So  that  our  mountain, 
or  Derby  limestone,  is  not  in  the  Wernerian  arrange¬ 
ment. 

The  rock  so  common  in  Derbyshire,  and  many  other 
parts  of  England,  is  named  mountain  limestone,  to 
distinguish  it  from  some  other  limestones,  which, 
though  agreeing  with  it  in  the  character  of  forming 
considerable  elevations,  differ  from  it  in  point  of  com¬ 
position  and  geological  situation.  It  is  a  secondary 
rock,  abounding  with  marine  shells,  and  is  intersected 
by  numerous  metallic  veins,  chiefly  of  lead,  and, 
more  rarely,  of  copper.  It  is  associated  with  more 
compact  varieties,  which,  as  they  admit  of  a  high 
polish,  and  are  sometimes  beautifully  variegated,  have 
obtained  the  name  of  marble. 

The  mountain  limestone  formation  consists  of  many 
beds  of  rocks,  which  differ  greatly,  both  in  aspect  and 
chemical  composition,  and  are  sometimes  inters tratified 
with  basalt,  marl,  clay,  sandstone,  and  even  coal. 

The  mountain  limestone  tract  of  Derbyshire,  extends  from  Castle- 
ion,  its  most  northern  point,  to  about  25  miles  south  of  that  place. 
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Its  mean  breadth  is  15  miles,  and  its  form  on  the  surface,  is  very  irre¬ 
gular.  The  surface  of  this  district  is  occupied  by  the  outcrop  of  four 
strata  of  limestone,  and  of  three  beds  of  loadstone,  which  lie  between 
the  beds  of  limestone.  Upon  the  upper  bed  of  limestone,  rests  a 
stratum  of  shale,  and  upon  the  shale  reposes  a  bed  of  gritstone,  the 
basis  of  a  coal  deposit.  All  these  beds  have  a  general  direction  from 
north  to  south,  and  dip  in  most  ulaces  towards  the  cast.  (See  the 
Plan.) 

The  lowest  stratum  of  limestone,  whereon  Peak  Fo¬ 
rest  and  Buxton  are  situated,  passes  across  Dove 
Dale,  and  Wetton  Dale.  The  Weaver  Hills,  Caldon 
Low,  and  indeed,  all  the  limestone  hills  of  Stafford¬ 
shire  consist  of  it.  Specimens  are  to  he  seen  at  every 
lime-kiln  in  this  neighbourhood.  It  is  remarkable  for 
a  bright  scaly  fracture,  and  being'  sonorous,  when 
struck. 

The  lime  produced  from  this  lowest  bed,  is  preferred  to  those  above 
it,  as  it  burns  white.  In  it  are  many  caverns,  as  the  immense  one 
called  Elden  Hole,  the  Devil’s  Hall,  Pool’s  Hole,  and  many  others, 
of  less  note.  The  thickness  of  this  lower  stratum  is  not  known,  never 
having  been  pierced  through;  it  is  divided  into  a  number  of  subordi¬ 
nate  beds,  several  of  which  are  of  considerable  thickness,  and  differ 
in  their  qualities;  some  of  them  are  divided  by  thin  beds  of  clay.  Small 
entrochi,  numerous  anomia,  cardia,  and  other  organic  remains,  occur 
throughout  the  whole  of  this  stratum. 

We  now  arrive  at  a  rock  which  has  excited  great 
attention  among  geologists  and  mineralogists,  it  is 
doubtful  whether  the  toadstone  is  stratified,  in  a  regu¬ 
lar  way,  between  the  four  great  beds  of  limestone,  oi 
not.  Some  say,  they  are  true  and  regular,  that  the 
average  thickness  of  the  two  lower  beds  is  75  feet,  and 
the  upper  bed  60,  while  others  maintain  that  it  is  not 
stratified  at  all.  It  is  certain,  that  each  of  the  lime¬ 
stone  beds  enclose  masses  of  toadstone,  (which  are  not 
connected  with  any  regular  bed  of  that  rock)  in  several 
places  very  thick,  and,  in  others,  thin;  which  has 
given  rise  to  the  suspicion  that  they  are  not  stratified. 
(See  the  Plan.) 

The  toadstone  is  ferruginous,  contains  spots  of  calcareous  spar, 
from  the  size  of  a  pin’s  head,  to  that  of  a  hazel-nut,  or  larger:  these 
nodules,  when  exposed  on  the  surface,  fall  out,  leaving  the  imbedding 
substance  with  a  porous  aspect.  Its  general  resemblance  to  the  back 
of  a  toad,  gave  rise  to  its  familiar  name.  A  hard  variety  is  some¬ 
times  found,  which  has  a  tendency  to  assume  the  shape  of  basaltic  co¬ 
lumns,  and  contains  hornblende,  and  red  jasper.  Occasionally,  it  is 
slaty,  but  never  contains  any  traces  of  vegetables,  or  shells,  which 
occur  so  plentifully  in  the  limestone,  which  it  intersects.  It  generally 
divides  the  veins  of  lead  ore  which  pass  through  the  limestone. 

The  peculiarities  of  this  substance  have  led  many  to  suppose  it  a 
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volcanic  product,  or  lava,  forced,  by  subterranean  fire,  between  the 
seams  of  limestone,  where  it  cooled  and  hardened,  and  is  now  rapidly 
decomposing.  Such  an  explanation  of  its  origin,  though  not  without 
its  difficulties,  is,  perhaps,  better  than  any  other. 

The  second  stratum  of  limestone,  about  210  feet 
thick,  consists  of  many  beds,  the  uppermost  very 
black,  and  capable  of  a  high  polish.  They  contain 
great  quantities  of  corals  and  shells,  and,  being  va¬ 
riously  tinted  with  iron  and  bitumen,  make  beautiful 
tables  and  chimney-pieces.  Masses  of  black  chert, 
shells  of  the  genus  anomia,  and  madrepores,  also  occur 
in  it. 

To  this  succeeds  another  bed  of  toadstone,  above  which 
is  the  third  limestone;  which,  like  the  two  preceding, 
consists  of  many  beds,  whose  aggregate  thickness  is 
about  150  feet;  antf  it  is  remarkable,  that  some  are  of 
magnesian  limestone.  In  some  places,  the  upper  beds 
partake  so  greatly  of  the  nature  of  chert,  as  to  be 
unfit  for  the  purposes  of  the  lime-burner.  Here  and 
there,  are  masses  of  white  chert,  foil  of  entrochi,  which 
are  sent  to  Staffordshire,  for  the  use  of  the  potters 
mills.  At  the  bottom  of  the  stratum  is  a  fine  black 
marble. 

Above  this  is  found  the  third  toadstone,  and  on  that, 
reposes  the  upper  limestone,  like  the  preceding,  about 
150  feet  thick;  in  it,  as  in  the  three  lower  strata, 
some  thin  beds  of  clay  are  found.  In  the  middle  beds,  vast 
quantities  of  entrochi  are  found,  and  where  they  bas¬ 
set  out  to  the  surface,  masses  are  ploughed  up  from  the 
alluvial  soil,  exhibiting  casts  of  the  inside  of  entrochi, 
in  chert,  called  screw  stories. 

The  appearance  of  dislocation,  and  separation,  in  the  mountain 
limestone,  is  very  striking,  and  shew  the  convulsions  the  earth  has 
undergone.  The  whole  of  the  Derbyshire  limestone  is  broken,  by 
what  is  called  the  great  fault,  which  extends  in  a  very  long  and  cir¬ 
cuitous  line.  (See  the  Plan.)  Limestone  mountains  are  often  perpen¬ 
dicular,  and  overhanging;  presenting  bare  rocks,  in  a  great  variety 
of  forms.  The  prodigious  caverns  which  occur  in  them,  have  always 
been  considered  as  objects  of  curiosity  and  admiration.  Some  of 
them  have  a  spacious  entrance,  whilst  others  are  only  discovered  by 
mining.  They  generally  assume  an  arched  appearance;  the  sides 
rising  nearly  perpendicular,  while  the  bottoms  are  more  flat.  Large 
detached  masses  of  limestone  lie  at  the  bottom,  in  rude  forms.  Ca¬ 
verns  are  found  in  the  interior,  above  200  feet  high,  and  some  pro¬ 
bably  higher.  The  roof  and  walls,  in  many  of  them,  are  covered  with 
stony  concretions,  forming  the  most  fantastic  figures;  most  of  them 
have  a  stream  of  water  at  the  bottom,  and  a  deposit  of  sand  and 
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rounded  stones;  which  proves  that  water  has  many  unseen,  subterra¬ 
neous  courses,  and,  probably,  was  a  principal  agent  in  forming  these 
caverns. 


LECTURE  XXII. 

GEOLOGICAL  CHANGES. 

This  gorgeous  apparatus !  This  display  ! 

This  ostentation  of  Creative  Power  ! 

This  theatre  !  What  eye  can  take  it  in  ; 

By  what  divine  commandment  was  it  raised, 

For  minds  of  the  first  magnitude  to  launch, 

In  endless  speculation,  and  adore!  Young. 

Change  is  the  characteristic  of  nature.  The  activity 
of  the  atoms  of  gas  which  compose  the  atmosphere,  per¬ 
mit  no  body,  nor  any  part  of  the  earth’s  surface,  to  re¬ 
main  in  the  same  state.  Thus,  polished  metals  are  cor¬ 
roded,  the  colours  of  bodies  fade,  surfaces  universally 
decay,  and  the  most  solid  bodies  are  by  this  unceasing 
activity  reduced  to  powder. 

Variations  of  temperature  at  different  seasons  of  the 
year,  and  altered  states  of  atmospheric  moisture,  aid 
also  the  ordinary  action  of  the  atmosphere,  and  great 
winds,  increase  and  accelerate  the  changes  from  ordinary 
causes. 

But  another  agent  equally  active,  and  whose  opera¬ 
tions  are  more  obvious,  is  water,  which  in  its  descent 
from  the  clouds,  in  the  form  of  rain,  and  to  the  sea  in 
the  channels  of  rivers  often  too  narrow  to  contain  it, 
and  in  seas  and  oceans  subject  to  flux  and  reflux,  and 
to  storms  and  tempests,  constantly  changes  every  part 
of  the  surface,  and  washes  down  the  mountains  and 
fills  up  the  valleys. 

Vegetation  is  also  another  operative  cause  of  great 
changes.  Thus  woods  allowed  to  decay  and  fall  during 
a  series  of  ages  raise  the  soil  on  which  they  grow,  into 
bills  and  mountains,  till  they  are  too  high  for  other 
trees  of  the  same  kind  to  succeed.  Again,  the  vege¬ 
tation  of  meadows  and  banks  of  rivers,  by  falling  crop 
upon  crop  during  many  successive  ages,  form  rich 
super-strata,  and  create  banks  which  narrow  the  bounds 
of  the  parent  stream. 

Heat,  from  the  union  of  minerals  in  certain  situations, 
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also  generates  volcanic  fires,  which,  when  developed  at 
the  surface  in  contact  with  the  atmosphere,  have  pro¬ 
duced  great  and  astonishing  changes;  but  these  being 
for  the  most  part  exhausted  and  burnt  out,  are  less 
operative  now  than  in  earlier  stages  of  the  present 
arrangements,  or  at  least  of  the  existence  of  the  surface 
as  we  now  find  it. 

All  the  above  causes  are  themselves  so  many  results 
of  the  special  motions  of  atoms,  the  operations  ol 
which  are  never-ceasing  causes  of  creation  and  change. 
But  there  is  another  cause  of  changes  on  the  earth’s 
surface  more  general,  more  destructive  of  old  forms, 
and  more  creative  of  new  ones  than  either  of  those 
which  have  been  named.  We  allude  to  the  motions  of 
the  earth  as  a  planet,  and  to  the  progressive  changes 
which  take  place  in  the  directions  of  those  motions,  by 
which  changes  the  great  oceans  are  made  to  operate 
on  the  land  so  as  to  destroy  old  continents  and  islands, 
and  with  their  materials  create  new  ones.  The  follow¬ 
ing  are  the  deductions  which  Sir  Richard  Phillips  has 
drawn  on  this  most  curious  and  interesting  subject : 

1.  That  the  changes  on  the  earth’s  surface,  and  the 
consequent  phenomena  of  the  strata  upon  strata,  and 
the  fossil  remains,  are  to  be  referred  to  certain  known 
variations  of  motion  of  the  earth  as  a  planet. 

2 .  That  those  motions  are  the  revolutions  of  the  pe¬ 
rihelion  point,  (or  line  of  Apsides)  in  20,900  years, 
producing  opposite  effects  in  both  hemispheres  every 
10,450  years ;  and  the  diminishing  obliquity  of  the 
ecliptic,  at  least  at  the  present  rate  of  a  degree  in  6900 
years. 

3.  That  the  perihelion  or  greater  forces,  in  varying 
their  declination,  as  interchanged  cause  and  effect,  gra¬ 
dually  accumulate  the  seas  in  that  hemisphere  to  which 
they  are  perpendicular,  and  that  the  gradual  accumula¬ 
tion  takes  place  in  either  hemisphere,  while  the  point 
of  greatest  force  advances  through  twenty  degrees  of 
declination  in  a  period  of  about  3488  years. 

It  is  well  known  that  the  earth  moves  round  the  sun  in  an  elliptical 
or  oval  orbit,  the  longest  diameter  of  which  is  called  the  line  of  apsides, 
and  that  the  sun  is  in  one  of  the  foci  or  one  of  the  tw  o  centres  of  the 
ellipsis  or  o\ral.  The  distance  between  the  foci  is  3,236,000  miles, 
consequently  the  earth  is  that  distance  nearer  in  one  part  of  its  orbit 
than  at  the  opposite  part.  The  nearest  point  is  called  the  perihelion, 
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and  the  more  distant  point,  the  aphelion.  But  these  points  are  not 
fixed;  for  to  arrive  at  either  point  in  every  revolution,  the  earth 
must  move  a  little  further  before  it  arrives  at  the  exact  perihelion,  or 
aphelion  distance,  and  this  quantity  is  19'  40"  in  a  century,  making  a 
quantity  equal  to  the  whole  ecliptic  in  20,931  years,  or  from  tropic  to 
tropic  in  10,465  years.  Now  then,  if  we  consider  the  cause  of  these  vari¬ 
able  distances  of  the  earth  from  the  sun,  w  e  shall  find  that  that  cause  be¬ 
comes  exceedingly  operative  on  the  surface  of  the  earth.  The  im¬ 
pulses  of  the  sun  on  the  medium  of  space  which  carry  forward  the 
earth  in  its  orbit,  are  constant  and  uniform  ;  for  the  lines  of  apsides  of 
the  different  planets  are  in  different  points  of  space,  and  continually 
changing:  consequently,  the  variations  of  distance  arise  from  variable 
energies  in  the  planets  themselves.  But  the  only  variable  force  upon 
a  planet  is  the  waters,  and  an  increased  energy  of  these  will  increase 
the  energy  of  the  earth,  and  diminish  the  length  of  the  terrestrial 
lever,  or  distance  from  the  sun;  and  wre  actually  find  that  the  parallel 
of  the  perihelion  point  at  the  present  time  is  23°  south,  corresponding 
with  the  great  body  of  waters  in  the  southern  ocean.  The  seas,  how¬ 
ever,  by  their  own  oscillations  enlarge  their  own  bed,  and  destroy  the 
land.  As  therefore  the  perihelion  point  progresses  northward,  the 
sea  enlarges  its  own  bed,  and  in  a  different  direction  as  it  pro¬ 
gresses  southward,  so  that  all  the  lands  in  both  hemispheres  are  alter¬ 
nately  submerged  every  10,465  years;  hence  those  alternate  strata  of 
marine  and  land  remains  are  generated,  which  without  this  explanation 
are  so  astonishing  and  inconceivable. 

Action  and  re-action  between  the  sun  and  earth  being  always  equal, 
and  the  masses  being  the  same,  it  is  evident  that  if  the  earth  diminishes 
its  distance  from  the  sun,  and  moves  through  less  space,  its  momentum 
must  then  be  increased;  or,  that  if  its  momentum  is  increased,  it  will 
be  required  to  move  through  less  space,  which  is  when  it  is  in  its 
perihelion.  The  waters  in  the  southern  hemisphere  afford  the  means 
of  this  increased  energy,  and  we  know'  that  the  perihelion  point  corre¬ 
sponds  at  this  time  with  the  actual  position  of  the  waters.  As  the 
waters  enlarge  their  bed,  the  perihelion  point  will  progress  northward, 
and  hence  the  parallel  of  the  perihelion,  and  the  position  of  the  way, 
become  interchangeable  cause  and  effect. 

4.  That  the  accumulation  of  the  seas  in  that  hemi¬ 
sphere,  in  which  lies  the  direction  of  the  perihelion 
perpendicular,  is  a  cause  and  consequence  of  the  in¬ 
creased  mundane  force,  and  is  attended  or  caused  by 
the  oscillating  momentum  of  the  waters. 

5.  That  the  increments  of  quantity  and  momentum  of 
the  seas  act  by  slow  degrees  on  the  land  of  the  affected 
hemisphere,  so  as  to  produce  space  for  their  own  accu¬ 
mulations,,  till  in  sufficient  time  the  space  occupied  by 
the  land  is  reduced  in  proportion  to  the  accumulating 
spaces  occupied  by  the  seas. 

In  proof  of  this  may  be  adduced,  the  acute  angles  of  the  southern 
continents,,  and  the  contrary  forms  of  the  northern  ones.  But  as  the 
perihelion  has  been  nearly  in  the  same  parallel  for  2000  years,  so  in  that 
time  no  great  changes  have  been  perceivable.  While  the  perihelion 
is  passing  from  29°  of  Scorpio  to  2°  of  Aquarius,  its  declination  varies 
only  three  degrees,  and  this  requires  a  period  of  nearly  four  thousand 
years,  on  the  received  theory  that  the  progression  is  uniform. 
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To  understand  this  important  theory,  it  is  necessary  to  comprehend 
perfectly  Sir  It.  Phillips’s  theory  of  the  elliptical  motions  of  the 
planets,  which  will  be  rendered  plain  by  the  following  diagram: 


Earth 


If  we  suppose  the  sun  and  earth  to  turn  in  equilibrio  round  the 
fulcrum  F,  and  that  A  represents  the  aphelion,  or  greater  distance  of 
the  earth,  and  that  P  represents  the  perihelion  distance,  then  it  is  evi¬ 
dent,  that  for  the  earth  and  sun  to  move  in  equilibrio,  while  the  earth 
is  in  those  different  distances,  the  energy  of  the  earth  must  be  increased 
at  P,  and  comparatively  diminished  at  A.  This  variable  energy  Sir 
Richard  Phillips  ascribes  to  the  increased  re-action  of  the  waters  in 
the  southern  hemisphere,  the  part  of  the  earth  opposed  to  the  sun, 
when  the  earth  is  at  P ;  and  to  the  diminished  re-action  of  the  fixed 
northern  continents,  when  these  are  opposed  to  the  action  of  the  sun, 
at  the  time  the  earth  is  at  A.  None  of  these  phenomena,  however, 
are  explicable  on  the  theory  of  universal  gravitation. 

6.  That,  as  the  seas  encroach  on  the  land  in  one  he¬ 
misphere,  they  retire  from  the  other,  on  the  known 
fact  of  their  constant  quantity;  but  during  the  operation 
of  the  perihelion  forces,  they  are  also  accumulated  in 
volume  sufficient  to  make  new  encroachments  on  the 
land,  adding  more  and  more  to  their  momenta  in  each 
following  year. 

7.  That,  in  1821,  the  perihelion  forces  operate  in 
maxima  on  the  81st  of  December,  over  the  parallel  of 
23°  7'  south,  that  these  forces  are  now  moving  north¬ 
ward  at  such  a  rate  as  that  in  the  year  4719  they  will 
arrive  at  a  middle  southern  declination ;  in  6463  will 
act  over  the  equator;  in  8207  will  advance  to  a  middle 
northern  declination,  producing  destructive  effects  on 
that  hemisphere;  and  between  the  years  8207  and 
15,184,  will  probably  be  the  gradual  means  of  cover¬ 
ing  the  northern  hemisphere  with  the  sea,  nearly  as 
the  southern  hemisphere  is  covered  at  present. 

8.  That,  in  tracing  the  progression  of  these  forces 
through  former  periods,  it  appears  that  they  passed 
the  equator  to  the  southward  about  the  year  4002  be¬ 
fore  Christ,  producing,  probably,  such  terrestrial  phe¬ 
nomena  as  those  described  in  the  first  chapter  of  Ge¬ 
nesis  ;  and  that  they  reached  a  middle  southern  decli¬ 
nation  about  the  year  2258,  producing,  probably,  such 
sensible  effects  in  the  tropical  regions,  as  are  described 
in  the  Mosaic  and  other  accounts  of  the  deluge. 
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9.  That  this  motion  of  the  perihelion  forces  over 
different  parallels  of  terrestrial  latitude,  by  producing 
an  alternate  preponderancy  of  seas  in  either  hemi¬ 
sphere,  sufficiently  accounts  for  the  marine  strata,  and 
for  all  the  marine  phenomena  observed  upon,  or  under, 
the  surface  of  the  land;  the  gradual  operations  of  che¬ 
mical  agency  being  sufficient  to  account  for  the  sub¬ 
stantial  changes  in  the  bodies  themselves. 

10.  That,  if  the  frequent  discovery  of  tropical  re¬ 
mains  in  the  latitude  of  Britain  be  considered  as  evi¬ 
dence  that  those  remains  were  indigenous  to  these 
latitudes,  the  change  of  climate  may  be  referred  to  the 
diminished  angle  formed  by  the  planes  of  the  equator 
and  ecliptic,  which  now  takes  place  at  the  rate  of  52' 
in  a  century,  and  of  a  degree  in  about  6900  years; 
and  which  would,  if  the  motion  were  uniform,  have  been 
equal  to  45°  in  seven  revolutions  of  the  perihelion 
point,  or  149,000  years. 

11.  That  this  hypothesis  of  the  extension  of  the 
tropics  accounts  for  tribes  of  men  being  found  within 
the  Arctic  Circle,  in  situations  to  which  they  never 
would  have  emigrated  from  the  south ;  but  where,  be¬ 
ing  indigenous,  and  in  utter  ignorance  of  natural 
causes,  they  would  continue  to  prefer  the  soil  of  their 
forefathers,  in  spite  of  gradual  changes  of  climate,  of 
which,  in  many  generations,  they  would  be  insen1- 
sible*. 


*  For  my  own  part,  (says  Sir  R.  Phillips,)  I  see  no  moral  evil  to  de¬ 
plore  in  the  changes  described.  Nothing  is  effected  abruptly;  and 
men  are  gradually  warned  to  seek  new  habitations.  The  notices 
are  slow,  but  unerring;  and  animal  races  find  fresh  and  renovated 
countries  prepared  for  their  subsistence,  and  abundantly  fitted  for  their 
enjoyment,  by  these  grand  operations.  These  illustrations  serve,  at 
the  same  time,  to  explain  phenomena  which  hitherto  have  baffled  in¬ 
quiry,  and  given  countenance  to  numerous  superstitions.  They  prove, 
that,  when  indefinite  time  is  added  to  specific  and  atomic  motion, 
matter  is  capable  of  assuming  forms,  which,  if  examined  as  momen¬ 
tary  results,  are  inexplicable.  In  this  case  the  specific  aggregate 
motions  are  produced  by  the  varied  re-actions  of  the  Earth,  which  pro¬ 
duce  actions  of  the  moving  waters  on  the  external  forms  and  surface 
of  the  land;  while  atomic  motion,  derived  from  the  aggregate,  pro¬ 
duces  changes  in  substances  from  heat,  crystallization,  trituration, 
saturation,  and  impregnation ;  from  which  result  various  strata,  fossil 
remains,  and  different  appearances  in  situations  not  usually  adapted 
to  their  production.  The  several  alternate  strata  of  marine  and  land 
remains,  observed  by  Cuvier,  prove  that  the  sea  has  covered  the  land 
at  least  many  times;  or,  according  to  this  theory,  that  the  perihelion 
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The  successive  retreat  of  the  waters  is  an  indubitable 
fact.  The  waters  covered  the  highest  mountains.  The 
Egyptian  priests  informed  Herodotus,  Plato,  and  others, 
that  Egypt  had  been  covered  by  waters  which  also  occu¬ 
pied  the  deserts  of  Africa.  Saussure  and  others  have 
ascertained  cavities  in  the  calcareous  bed  bordering* 
the  Mediterranean,  between  Monaco  and  Vintimille, 
above  200  feet  high,  incontestably  the  work  of  the  sea 
waters;  and  similar  indications  exist  on  the  coast  of 
Brittany,  and  several  other  countries.  The  retreat  of 
the  sea  is  perceptible  in  the  Baltic  :  the  lakes  of 
Finland  once  joined  its  gulph  to  that  of  the  White 
Sea,  and  all  countries  of  the  globe  exhibit  similar  pheno¬ 
mena.  When  the  ocean  overwhelmed  the  level  of  Santa- 
Fe-de-Bogota,  where  are  beds  of  coal  and  banks  of 
shells,  only  some  summits  of  the  Cordilleras,  Lupafa, 
and  Hi  may  la  mountains  were  above  it.  All  other  parts 
must  necessarily  have  been  under  the  waters,  for  no 
dikes  exist  high  enough  to  keep  up  the  sea  at  that 
level.  Those  who  have  said  that  the  waters,  by  eva¬ 
poration,  could  have  passed  into  other  globes,  forget 
that  even  at  a  moderate  height,  the  heat  itf  null,  and 
that  the  aqueous  particles,  suddenly  condensed,  return 
to  the  earth  by  their  own  weight.  In  our  age,  that  body 
of  waters  is  palpably  accumulated  in  the  southern  hemi¬ 
sphere,  which  once  covered  high  mountains  between 
the  tropics  and  in  the  northern  hemisphere. 

The  horizontal  position  is  not  a  fixed  character  in 
secondary  lands;  vertical  beds,  also,  are  found,  and 
granite,  in  several  places,  arranged  in  layers.  “  The 
degradation  of  granite,  its  great  inclination  in  strata, 


point  has  made  many  revolutions  since  the  Earth  has  existed 
in  its  present  form.  Every  one  who  views  the  interior  of  a  country 
must  be  sensible  that  its  swelling  hills  and  valleys  must  have  been  pro¬ 
duced  by  the  action  of  water.  In  many  inland  situations,  the  cliffs 
still  remain;  and  the  accumulation  of  shells  and  fossil  remains  in  parti¬ 
cular  spots  prove  that  the  tides  for  centuries  wafted  every  tiling- 
moveable  to  certain  points.  The  economy  by  which  water  forms  land, 
even  above  its  own  level,  is  well  understood  by  all  who  have  wit¬ 
nessed  what  passes  on  the  sea  shore  in  situations  where  the  sea  is 
gradually  retreating.  In  short,  every  fact  supports  the  mechanical 
hypothesis,  and  tends  to  prove  that  all  changes  of  matter,  whether 
great  or  small,  originate  w  ith  great  motions,  which  create  small  and 
specific  ones,  which  serve  as  the  proximate  causes  of  local  and  par¬ 
ticular  phenomena. 
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and  their  great  thickness,  cause  naturalists  to  mistake 
their  structure.  But,  by  studying  the  granite,  where 
it  is  not  divided  into  fragments,  it  is  obvious  that  Na¬ 
ture  produces  inclined  and  vertical  strata,  as  regularly 
as  horizontal;  and,  as  in  calcareous  mountains,  are 
strata  60  feet  thick,  certainly  granite  was  originally 
formed  in  layers,  as  much  as  marble  and  slate.”  Saus - 
sure, — ■**  The  entire  mass  of  continents  is  composed  of 
strata,  similar  to  the  regular  layers  of  stones  in  houses. 
All  are  broken;  great  masses  being  wanting,  where  they 
must  have  been  formerly;  and  those  now  visible,  are 
partially  overturned.  The  actual  horizontality  is  not 
necessary  to  admit  the  primitive  stratification;  for  ver¬ 
tical  strata  contain  parts  of  marine  animals,  which 
must  have  been  formed  in  a  horizontal  position.”  Delve. 
Cuvier  observed  12  periods  in  the  superposition  of  gyp¬ 
sum,  at  Montmartre.  In  one  place,  are  scarcely  any  ves¬ 
tiges  of  marine  animals;  and,  in  another  centre,  mountains 
are  composed  of  their  wrecks.  What  intervals  between 
these  extremes!  what  successive  deposits  have  been 
effected !  what  progressions  in  the  existences ! 

How  can  it  be,  (says  Eratosthenes,  cited  by  Strabo),  that  in  the 
midst  of  the  continent,  at  2000  or  even  3000  stadia  from  the  sea,  we 
find  in  many  places  marshes  of  sea  water,  (salt  lakes)  and  quantities 
of  shells,  of  either  oysters  or  muscles  ?  Near  the  temple  of  Ammon, 
end  on  all  the  road  3000  stadia  long,  we  see  heaps  of  oyster-shells  and 
salt;  also  bubbling  springs  of  sea  water;  and  besides,  fragments  of 
vessels,  which  some  say  were  thrown  out  of  the  bottom  of  an  abyss, 
and  figures  of  dolphins  placed  on  small  columns,  with  this  inscription, 
Cyreneian  Theores.  Except  these  monuments  of  art,  the  desert  Qf 
Lybia  is  now  as  Eratosthenes  described  it;  traces  of  the  sojourning  of 
the  seas  exist  in  all  Sahara.  Plato  mentions  the  disaster  of  the 
Atlantis.  Was  it  a  great  island,  or  a  continent  ?  What  catastrophe 
could  occasion  its  disappearance  ?  As  to  Sahara,  it  indubitably 
w  as  covered  by  the  w  aters  of  a  sea  joining  the  Mediterranean,  and  ex¬ 
tended  to  the  last  cataracts  of  the  Nile.  The  ocean’s  gradual  retire¬ 
ment  to  the  southern  hemisphere  left  this  space  dry.  No  alluvial  land 
was  established,  and  vegetation  could  not  fix,  so  that  nothing  but  an 
arid  and  sandy  soil  was  left,  except  Egypt  fertilized  by  the  Nile;  and 
Soudan  watered  by  the  Joliba.  This  was  when  the  perihelion  point 
passed  the  equator. 

Similar  events  occurred,  though  earlier,  in  the  high  plains  of  South 
America,  (Los  Llanos,  Campo  de  Giguantes,  &c.)  and  of  central  Asia, 
(as  the  desert  of  Gobi  and  Shamo).  As  the  level  of  the  seas  lowered, 
these  happened  to  the  deserts  of  Arabia  and  Persia,  the  borders  of 
the  Caspian,  &c.  The  continents  w  ere  not  then  above  the  level  of  the 
waters,  but  only  the  masses  of  the  mountains,  as  so  many  islands,  si¬ 
milar  to  the  Indian  Archipelago;  the  great  rivers  wrere  mere  currents, 
and  the  currents  brooks.  The  Mediterranean  joined  the  Red  Sea,  and 
the  Caspian.  The  Euxine  extended  into  the  north  of  Asiti,  fell  into 
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the  Frozen  Sea  by  the  valley  of  the  Obi,  and  the  Lakes  of  Finland. 
The  Oural  Chain  was  an  island,  and  so  was  each  of  the  mountains. 
Of  this  uncertain  epoch,  the  Egyptian  priests  informed  Herodotus, 
that  in  the  time  of  Menes  all  Egypt  was  a  marsh,  except  Thebes  5  and 
there  was  nothing  of  the  land  beyond  Lake  Moeris,  seven  days  journey, 
ascending  the  river. 

Strato  states,  that  formerly  the  Euxine  had  no  issue  on  the  side  of 
Byzantium;  but  the  rivers,  which  disgorge  into  that  sea,  forcing  the  ob¬ 
stacle,  opened  a  passage.  The  waters  fell  into  the  Propontis,  and  thence 
into  the  Hellespont ;  in  like  manner,  the  Mediterranean,  filled  by 
rivers,  burst  the  isthmus  which  closed  the  Straits  of  the  Pillars; 
and  flowing  off  by  the  newr  canal,  may  have  left  dry  what  was  for¬ 
merly  shallows.  This  event  caused  the  inundation  of  Samothracia, 
mentioned  by  Diodorus  of  Sicily;  and  the  waters,  stretching  from  Asia 
Minor  to  Greece,  perhaps  divided  the  isles  of  the  Archipelago. 

All  ancient  traditions  relate  similar  fluctuations.  In 
Chaldea,  the  deluge  of  Xixuthrus  ;  in  Syria,  of  Ilie- 
rapolis ;  in  Greece,  of  Ogyges  and  Deucalion ;  in 
"Egypt,  of  Prometheus  :  the  Chinese,  Mexicans,  Green¬ 
landers,  &c.  have  had  their  deluge.  In  several  parts 
are  now  high  plains,  incontestably  lakes.  Subner  dis¬ 
covered  several  in  the  Hircanian  mountains,  the  most 
western  branch  of  the  Krapacks.  Bohemia,  Cache- 
mire,  and  many  other  countries,  give  evident  proofs. 

Before  these  successive  drains  of  the  lakes,  and 
while  the  ocean  bathed  all  the  base  of  the  mountains, 
volcanos  appeared  at  their  summits;  because,  each 
mass  being  an  island,  every  thing  happened  like  as  at 
Java,  Sumatra,  and  the  Philippines.  Upper  Egypt 
and  Tartary  had  volcanos ;  also,  the  branches  of  the 
Pyrenees,  the  Cevennes,  in  the  Alps,  the  mountains 
of  Auvergne,  the  shores  of  the  Rhine,  and  wherever 
we  find  traces  thereof.  All  these  volcanos  then  exhi¬ 
bited  analogous  phenomena.  Currents  of  lava  covered 
or  furrowed  the  sides  of  mountains;  ashes  and  scoriae, 
mixing  with  rocks,  raised  factitious  hills  ;  muddy  erup¬ 
tions  impeded  and  changed  the  course  of  the  waters, 
earthquakes  opened  abysses,  sunk  some  lands,  and 
raised  others* 

In  1782,  Formosa  was  twice  traversed  by  the  waters  raised  by  the  ex¬ 
plosion  of  a  submarine  volcano.  In  1740  the  sea  ascended  far  beyond, 
and  swallowed  up  the  port  of  Callao.  In  1737,  after  a  great  eruption 
of  the  volcanos  of  Awatcha  in  Kamschatka,  the  ocean,  twice  driven 
from  its  limits,  returned  and  rose  200  feet  high.  Precisely  at  this 
height  Dolomieu  found  shells  on  the  sides  of  Etna.  Hence  the  en¬ 
virons  of  extinct  volcanos  present  many  singularities.  The  epoch  of 
their  eruptions  is  very  remote,  as  they  ceased  when  the  ocean  had 
removed  from  the  base  of  the  mountains,  and  was  replaced  by  the  al¬ 
luvial  lands. 
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During  this  period,  extraordinary  fires  may  have 
happened,  by  the  inflammation  of  a  mass  of  pyrites  and 
bitumen,  or  even  from  great  drought.  Such  a  fact  is  re¬ 
corded  as  happening  in  Spain,  in  the  seventeenth  century. 
It  did  not  rain  in  the  Sierra  Morena  for  14  years,  which 
produced  such  an  extreme  dryness,  that  all  the  springs 
dried  up,  the  forest  took  fire,  the  earth  opened,  and 
frightful  crevices  and  rents  remain  visible,  to  prove  this 
event. 

An  abundance  of  rain  would  cause  the  rapid  degra¬ 
dation  of  the  mountains  ;  the  level  of  Tartary  in  Asia, 
is  only  the  base  of  a  mountain  of  an  immense  height, 
and  terminated  in  several  pyramids,  lost  in  the  void  of 
the  atmosphere. 

The  surrounding  plains  are  entirely  the  wrecks  of 
this  colossal  mass.  The  other  mountains  were  much 
higher.  The  atmosphere  supporting  itself  much  higher, 
the  temperature  was  mild,  where  now  are  extensive 
glaciers.  Instead  of  great  plains  were  valleys,  as  in 
Switzerland,  Peru,  &c.  The  continual  rains  swelled 
the  torrents  which  hollowed  out  the  earth,  and  accumu¬ 
lated  heaps  at  the  foot  of  the  mountains. 

These  united  causes  changed  the  order  of  superposi¬ 
tion  of  the  strata.  The  rocks  of  different  formations 
i  intermingled,  sinkings  in  the  oceanic  lands  occurred  by 
i  desiccation,  mountains  rolled  down,  from  commotions, 
or  by  running  waters,  hills  rose  up,  and  the  earth’s 
i  surface  presented  those  irregularities  met  with  at  every 
)  step. 

Volcanic  eruptions  produced  inequalities,  but  did  not 
alter  the  aspect  of  the  country;  lakes  formed  an  issue, 
land  rolled  down,  others  rose;  but  these  changes, 
strictly  local,  had  narrow"  limits,  and  were  without 

[sensible  influence. 

We  have  authentic  accounts  of  the  rolling  down  of  some  lands,  and 
even  entire  mountains.  Thus  the  fall  of  the  mountain  Diabieret,  in 
o  the  Valais,  in  1714,  covered  a  square  league  with  its  ruin  *.  In  1618  a 
in  similar  event  happened  and  destroyed  Fleurs  Grisons.  The  ruins  of 
■i  Velleia,  a  Roman  colony,  seven  leagues  from  Piacenza,  now  attest 
:>  the  fall  of  two  mountains  from  the  mass  of  the  Apennines.  The 
borders  of  the  Alps  and  Pyrenees,  and  all  masses  of  mountains,  indi- 
||  cate  similar  accidents  ;  in  general  caused  by  the  running  waters  de- 
a  tac.hing  the  earthy  and  not  very  tenacious  strata,  which  support  the 
i  mountainous  mass.  Donati  describes  a  mountain  fall  he  witnessed  in 
(i)  July,  1751,  on  the  side  of  Sallanches  in  Savoy.  “  A  great  part  of  the 
p  mountain  below  that  which  rolled  down,  was  composed  of  earth  and 
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stones,  not  arranged  in  quarries  or  beds,  but  confusedly  beaded  up- 
Thence  I  ascertained  that  similar  falls  had  happened  in  the  same 
mountain,  and  thereby  left  without  support,  and  leaning  considerably 
forward,  the  great  rock  which  fell  this  year,  composed  of  horizontal 
beds,  the  two  of  slate  or  foliated  stone,  brittle,  and  of  little  consistence : 
the  two  upper  beds  of  a  marble  like  that  of  Porto-Venere,  but  full  of 
transversal  rents;  slates  with  vertical  but  severed  leaves,  wholly  com¬ 
posed  the  fifth  bed,  w'hich  formed  the  upper  plain,  whereon  wfefe  three 
lakes,  whose  waters  penetrated,  continually  separated  the  rents  of 
die  beds,  and  decomposed  their  supports.  The  effect  was  increased 
by  the  snow,  which  that  year  fell  in  Savoy,  more  abundantly  than  in 
the  memory  of  man.  These  united  waters  occasioned  the  fall  of 
three  millions  of  cubic  toises  of  rock,  a  volume  alone  sufficient  to 
form  a  great  mountain.” 

Sinkings  are  not  less  common  in  certain  cavernous 
districts;  and  at  every  step,  on  calcareous  land,  are  ob¬ 
vious  traces.  All  the  secondary  mountains  exhibit  in- 
terrupted  beds  and  crevices,  caused  by  accidents  which 
since  their  formation,  have  not  discontinued,  but  are 
now  more  scarce,  and  confined  to  changes  of  little  im¬ 
portance. 

The  atmosphere  has  a  penetrating  and  corrosive 
power,  less  sensible,  but  infinitely  more  powerful,  than 
that  of  the  ocean.  Granite,  which  resists  the  action  of 
water,  is  decomposed  by  air;  the  metals  are  oxydized, 
and  fall  into  powder;  stones,  salts,  and  all  solid  bodies, 
effloresce.  These  facts  have  an  important  rank  in  the  eco¬ 
nomy  of  the  globe.  The  granitic  peaks,  and  the  rounded 
summits  of  the  calcareous  mountains,  are  corroded, 
ineided,  and  reduced.  The  air  seizes  their  particles, 
dissolves,  and  becomes  saturated  therewith;  but  imme¬ 
diately,  their  weight  exceeding  that  of  the  fluid  in 
which  they  move,  they  return  again  to  the  earth’s  sur¬ 
face.  The  phenomenon  of  vaporization  accumulates 
liquids  in  the  air,  which  fall  again  in  rain,  that  furrows, 
and  completely  deteriorates  the  rocks.  When  im¬ 
peded  by  causeways,  or  dikes,  the  water  spreads  in 
sheets;  but,  the  obstacles  being  surmounted,  causes 
the  drainage  and  desiccation  of  lakes,  &c.  Earthy 
parts  of  rocks  are  shaken  out;  the  blocks  attacked 
at  their  base,  and  without  support,  incline,  slip,  and 
rushing  down  impetuously,  cover  immense  tracts  with 
their  ruins,  which  are  borne  along:  to  the  sea  shore. 
The  waters,  ever  m  motion,  hollow  out  the  borders  of 
their  basin;  but  the  accumulations  of  the  rivers  extend 
the  terrestrial  surface ;  and,  while  new  gulfs  and  new 
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bays  are  opened  there,  here,  marshy  plains,*  and 
humid  savannahs,  form  and  encroach  on  the  domain! 
of  the  ocean. 

Proofs  of  this  appear  on  encompassing  the  geogra-* 
phical  knowledge  of  the  ancients  and  moderns.  The 
Delta  of  the  Kile  is  more  advanced  than  in  the  time 
of  Herodotus.  Aigues-Mortes,  and  Frejus,  are  no 
longer  on  the  shore  of  the  Mediterranean ;  the  whole 
of  Guiana  is  the  accumulations  of  the  Amazon,  Oro- 
noko,  and  other  rivers  east  of  the  Cordilleras.  The 
Mississippi  every  day  enlarges  the  fertile  soil  of 
Louisiana;  and  every  country  of  the  globe,  watered 
by  great  streams,  is  subject  to  similar  changes. 

In  Britain,  the  Chronicles  of  Eri  record  the  period 
when  the  Scilly  Islands  were  separated  from  Cornwall. 
Large  tracts  in  Kent  were  swallowed  by  the  sea,  just 
before  the  Norman  Conquest.  Large  parishes  in  Sussex 
have  been  absorbed  within  a  century,  and  on  the  other 
hand  the  sea  has,  within  a  few  years,  retreated  from  the 
eastern  coast,  so  as  to  render  once  flourishing  ports 
useless. 

In  addition  to  these  general  causes,  Count  Chaptal 
has  written  a  beautiful  essay  on  the  details  of  these 
changes,  which  we  present  entire  for  the  gratification 
of  the  reader : 

When,  says  he,  we  contemplate  the  globe  in  populous  dis¬ 
tricts,  our  attention  is  chiefly  directed  to  the  agency  of  man, 
and  those  energies  of  social  life  which  produce,  modify,  and 
change  the  prospect  around  us.  But  when  we  enter  the  wild 
and  romantic  scene  of  a  mountainous  country,  we  are  every 
where  struck  with  the  vestiges  of  operations  carried  on  by  the 
powers  of  nature,  through  a  long  series  of  ages,  and  upon  a 
scale  prodigiously  greater  than  any  to  which  the  works  of  man 
can  be  extended.  We  meditate  on  the  surrounding  scene 
with  an  emotion  resembling  that  produced  by  the  view  of  a 
pile  of  ruins  long  since  gone  to  decay.  We  endeavour  to  in¬ 
vestigate  what  may  have  been  the  original  state  of  the  pile ; 
and,  for  want  of  information,  our  conclusions  are  for  the  most 
part  little  better  founded  than  those  of  an  amusing  reverie. 

It  appears,  from  a  great  variety  of  observations,  that  the  in¬ 
ternal  part  of  the  globe  consists  of  stone  called  granite.  It  is 
this  which  shows  itself  as  the  limit  of  all  the  excavations  made 
on  the  surface  of  our  planet,  either  by  natural  causes  or  the 
art  of  man. 
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Water,  collected  in  the  cavity  of  the  ocean,  is  carried  by 
the  winds  to  the  tops  of  the  most  elevated  mountains,  where  it 
is  precipitated  in  rain,  and  forms  torrents,  which  return  with 
various  degrees  of  rapidity  into  the  common  reservoir. 

Such  an  uninterrupted  motion  and  fall  must  gradually 
attenuate  and  wear  away  the  hardest  rocks,  and  carry  their 
pulverulent  parts  to  distances  more  or  less  considerable.  The 
action  of  the  air,  and  the  varying  temperatures  of  the  atmo¬ 
sphere,  facilitate  the  attenuation  and  the  destruction  of  these 
rocks.  Heat  dries  their  surface,  and  renders  it  more  accessible, 
and  more  penetrable  to  the  wrater  which  succeeds;  cold  divides 
them,  by  freezing  the  water  which  has  entered  into  their  tex¬ 
ture;  the  air  itself  affords  the  carbonic  acid ,  which  attacks  the 
limestone ,  and  causes  it  to  effloresce;  the  oxygen  air  unites  to 
the  iron,  and  oxydes  it;  insomuch  that  this  concurrence  of 
causes  favours  the  disunion  of  principles;  and  consequently 
the  action  of  water,  which  clears  ihe  surface,  carries  away  the 
products  of  decomposition,  and  makes  preparation  for  a 
succeeding  process  of  the  same  nature. 

The  first  effect  of  the  rain  is  therefore  to  depress  the  moun¬ 
tains.  But  the  stones  which  compose  them  must  resist  in 
proportion  to  their  hardness;  and  we  ought  not  to  be  surprised, 
when  we  observe  peaks  that  have  braved  the  destructive  ac¬ 
tion  of  time,  and  still  remain  to  attest  the  primitive  level  of 
the  mountains  which  have  disappeared.  The  primitive  rocks, 
alike  inaccessible  to  the  injury  of  ages  as  to  the  animated 
beings  which  cover  less  elevated  mountains  with  their  remains, 
may  be  considered  as  the  source  or  origin  of  rivers  or  streams. 
The  water  which  falls  on  their  summits,  flows  down  in  torrents 
by  their  lateral  surfaces.  In  its  course  it  wears  away  the  soil 
upon  which  it  incessantly  acts.  It  hollows  out  a  bed  of  a 
depth  proportioned  to  the  rapidity  of  its  course,  the  quantity 
of  its  waters,  and  the  hardness  of  the  rock  over  which  it 
flows  ;  at  the  same  time  that  it  carries  along  with  it  portions 
and  fragments  of  such  stones  as  it  loosens  in  its  course. 

These  stones,  rolled  along  by  the  water,  must  strike  to¬ 
gether,  and  break  off  their  projecting  angles;  a  process  that 
must  quickly  have  afforded  those  rounded  flints,  which  form 
the  pebbles  of  rivers,  and  which  are  found  to  diminish  in  size, 
in  proportion  to  the  distance  from  the  mountain  which  affords 
them. 

i  he  pulverulent  remains  of  mountains,  or  the  powder  which 
results  from  the  rounding  of  these  flints,  are  carried  along 
with  greater  facility  than  the  flints  themselves:  they  float  for 
a  long  time  in  the  water,  the  transparency  of  which  they  im¬ 
pair:  and  when  these  said  waters  are  less  agitated,  and  their 
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course  becomes  slackened,  they  are  deposited  in  a  fine  and 
light  paste,  forming  beds  more  or  less  thick,  and  of  the  same 
nature  as  that  of  the  rocks  to  which  they  owe  their  origin. 
These  strata  gradually  become  drier  by  the  agglutination  of 
their  principles;  they  become  consistent,  f  acquire  hardness, 
and  form  siliceous  clay,  silex,  petrosilex,  and  all  the  numerous 
class  of  pebbles,  which  are  found  dispersed  in  strata,  or  in 
banks  in  the  ancient  beds  of  rivers. 

The  mud  is  much  more  frequently  deposited  in  the  inter¬ 
stices  left  between  the  rounded  hints  themselves,  which  inter¬ 
vals  it  fills,  and  there  forms  a  true  cement,  that  becomes  hard, 
and  constitutes  the  compound  stones  known  by  the  name  of 
pudding-stones  and  grit-stones:  for  these  two  kinds  of  stone  do 
not  appear  to  me  to  differ  but  in  the  coarseness  of  the  grain 
which  forms  them,  and  the  cement  which  connects  them 
together. 

We  sometimes  observe  the  granite  spontaneously  decom¬ 
posed.  The  texture  of  the  stones  which  form  it  has  been 
destroyed;  the  principles,  or  component  parts,  are  disunited 
and  separated,  and  they  are  gradually  carried  away  by  the 
wraters. 

Most  siliceous  stones,  formed  by  the  deposition  of  running 
waters,  and  hardened  by  the  lapse  of  time,  are  easily  sub¬ 
jected  to  a  second  decomposition.  Iron  is  the  principal  agent 
of  these  secondary  alterations;  and  its  oxydation,  determined 
by  air  or  water,  produces  a  disunion  of  principles.  Nature 
may  be  observed  in  this  process,  by  an  attentive  examination 
of  such  alterations  as  gun-flints,  variolites,  porphyries,  jaspers, 
and  the  like,  are  subjected  to. 

The  decomposition  of  flints,  chalcedonies,  agates,  and 
generally  all  stones  of  this  kind,  which  possess  a  certain  de¬ 
gree  of  transparency,  are  referable  to  the  volatilization  of  the 
water,  which  forms  one  of  their  principles,  and  is  the  cause  of 
their  transparency.  These  stones  may  be  considered  as  com¬ 
mencements  of  crystallization  :  and  when  the  water  is  dissi¬ 
pated,  they  effervesce  after  the  manner  of  certain  neutral  salts. 
Hence  it  arises,  that  the  decomposition  is  announced  by 
opacity,  a  white  colour,  loss  of  consistence  and  hardness;  and 
terminates  by  forming  a  very  attenuated  powder,  sometimes  of 
3  extreme  whiteness.  It  is  this  decomposition,  more  particularly, 
which  forms  clays. 

There  are  flints,  the  alterations  of  which  form  effervescent 
marls.  These  do  not  appear  to  be  of  the  nature  of  primitive 
rocks :  they  have  the  same  origin  as  the  calcareous  stones, 
from  which  they  differ  only  in  consequence  of  a  very  con* 
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siderable  proportion  of  clay.  The  stones  which  we  s® 
abundantly  find  of  this  nature  around  us,  among  calcareous 
decompositions,  may  be  considered  as  of  this  kind. 

Water  filtrating  through  mountains  of  primitive  rock  fre- 
quently  carries  along  with  it  very  minutely  divided  particles  of 
quartz;  and  proceeds  to  form,  by  deposition,  stalactites , 
agates,  rock  crystal,  &c.  These  quartzose  stalactites,  differ¬ 
ently  coloured,  are  of  a  formation  considerably  analogous  to 
that  of  calcareous  alabasters;  and  we  perceive  no  other 
difference  between  them  than  that  of  their  constituent  parts. 

Thus  far  we  have  exhibited,  in  a  few  words,  the  principal 
changes,  and  various  modifications,  to  which  the  primitive 
rocks  have  been  subjected.  We  have  not  observed  either 
germination  or  life:  and  the  metals,  sulphur,  and  bitumens, 
have  not  hitherto  presented  themselves  to  our  observation. 
Their  formation  appears  to  be  posterior  to  the  existence  of 
this  primitive  globe;  and  the  alternations  and  decompositions, 
which  now  remain  to  be  inquired  into,  appear  to  be  produced 
by  the  class  of  living  or  organized  beings. 

'  On  the  one  hand  we  behold  the  numerous  class  of  shell 
animals,  which  cause  the  stony  mass  of  our  globe  to  increase 
by  their  remains.  The  spoils  of  these  creatures,  long  agitated 
and  driven  about  by  the  waves,  and  more  or  less  altered  by 
collision,  form  those  strata  and  banks  of  limestone  in  which 
we  very  often  perceive  impressions  of  those  shells  to  which 
they  owe  their  origin. 

On  the  other  hand  we  observe  a  numerous  quantity  of 
vegetables,  that  grow  and  perish  in  the  sea ;  and  these  plants 
likewise,  deposited  and  heaped  together  by  the  currents,  form 
strata,  which  are  decomposed,  lose  their  organization,  and 
leave  all  the  principles  of  the  vegetable  confounded  with  the 
earthy  principle.  It  is  to  this  source  that  the  origin  of  pit-coal, 
and  secondary  schistus,  is  usually  attributed;  and  this  theory 
is  established  on  the  existence  of  the  texture  of  decomposed 
vegetables  very  usually  seen  in  schisti  and  coal,  and  likewise 
pn  the  presence  of  shells  and  fish  in  most  of  these  products. 

The  formation  of  pyrites  ought  to  be  attributed  to  the  de¬ 
composition  of  vegetables  :  it  exists  in  greater  or  less  abund¬ 
ance  in  all  schisti  and  coal.  A  wooden  shovel  was  found 
buried  in  the  depositions  of  a  river,  converted  into  jet  and 
pyrites.  The  decomposition  of  animal  substances  may  be 
added  to  this  cause:  and  it  appears  to  be  a  confirmation  of 
these  ideas,  that  we  find  many  shells  passed  to  the  state  of 
pyrites. 

Hot  only  the  marine  vegetables  form  considerable  strata  by 
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their  decomposition ;  but  the  remains  of  those  that  grow  on 
the  surface  of  the  globe  ought  to  be  considered  among  the 
causes  or  agents,  which  concur  in  producing  changes  upon 
that  surface. 

The  calcareous  mountains  are  constantly  placed  upon  the 
surface  of  the  primitive  mountains;  and  though  a  few  solitary 
observations  present  a  contrary  order,  we  ought  to  consider 
this  inversion  and  derangement  as  produced  by  shocks,  which 
have  changed  the  primitive  deposition.  It  must  be  observed 
also,  that  the  disorder  is  sometimes  merely  apparent ;  and 
that  some  naturalists  of  little  information  have  described  cal¬ 
careous  mountains  as  inclining  beneath  the  granite,  because 
this  last  pierces,  as  it  were,  through  the  envelope,  rises  to  a 
greater  height,  and  leaves  at  its  feet,  almost  beneath  it,  the 
calcareous  remains  deposited  at  its  base.  Sometimes  even 
the  limestone  fills  to  a  very  great  depth  the  crevices  or  clefts 
formed  in  the  granite.  It  likewise  happens  frequently  enough, 
that  such  waters  as  are  loaded  with  the  remains  of  the  primi¬ 
tive  granite  heap  them  together,  and  form  secondary  granites, 
which  may  exist  above  the  calcareous  stone. 

The  calcareous  mountains  are  decomposed  by  the  combined 
action  of  air  and  water  ;  and  this  fluid,  which  does  not  possess 
the  property  of  holding  it  in  solution,  soon  deposits  it  in  the 
form  of  gurhs ,  alabasters ,  stalactites ,  &c.  Spars  owe  their  for¬ 
mation  to  no  other  cause.  Their  crystallization  is  posterior 
to  the  origin  of  calcareous  mountains. 


Waters  wear  down  and  carry  away  calcareous  mountains 
with  greater  ease  than  the  primitive  mountains:  their  remains 
being  very  light  are  rolled  along,  and  more  or  less  worn. 
The  fragments  of  these  rocks  are  sometimes  connected  by  a 
gluten  or  cement  of  the  same  nature;  from  which  process 
calcareous  grit  and  breccias  arise.  These  calcareous  remains 
formerly  deposited  themselves  upon  the  quartzose  sand ;  and 
the  union  of  primitive  matter  and  secondary  products  gives 
rise  to  a  rock  of  a  mixed  nature,  which  is  common  in  many 
places. 

The  mountains  of  secondary  schistus  frequently  exhibit  to 
us  a  pure  mixture  of  earthy  principles,  without  the  smallest 
vestige  of  bitumen.  These  rocks  afford,  by  analysis,  silex, 
alumine,  magnesia,  carbonat  of  lime,  and  iron;  principles 
w  hich  are  more  or  less  united,  and  consequently  accessible  in 
various  degrees  to  the  action  of  such  agents  as  destroy  the 
rocks  hitherto  treated  of. 

These  same  principles,  when  disunited,  and  carried  away 
by  wateis,  give  rise  to  a  great  part  of  the  stones  comprised  in 
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the  magnesian  genus.  The  same  elements,  worn  down  by 
the  waters,  and  deposited  under  circumstances  proper  to 
facilitate  crystallization,  form  the  schorls ,  tourmaline ,  garnets, 
&c. 

It  frequently  happens,  that  the  secondary  schisti  are  inter¬ 
spersed  with  pyrites;  and  in  this  case,  the  simple  contact  of 
air  and  water  facilitates  their  decompositions.  Sulphuric  acid 
is  thus  formed,  which  combines  with  the  various  constituent 
principles  of  the  stone  ;  whence  result  the  sulphates  of  iron,  of 
magnesia,  of  alumine,  confounded  together.  The  pyritous 
schisti  are  frequently  impregnated  with  bitumen,  and  the  pro¬ 
portions  constitute  the  various  qualities  of  pit-coal. 

It  appears  to  Count  Chaptal,  that  we  may  lay  it  down  as 
an  incontestable  principle,  that  the  pyrites  is  abundant  in  pro¬ 
portion  as  the  bituminous  principle  is  more  scarce.  Hence  it 
arises,  that  coals  of  a  bad  quality  are  the  most  sulphureous, 
and  destroy  metallic  vessels  by  converting  them  into  pyrites. 
The  focus  of  volcanos  appears  to  be  formed  by  a  schistus  of 
this  nature ;  and  in  the  analyses  of  the  stony  matters  which 
are  ejected,  we  find  the  same  principles  as  those  which  con¬ 
stitute  the  schistus.  We  ought  not  therefore  to  be  much  sur¬ 
prised  at  finding  schorls  among  volcanic  products ;  and  still  less 
at  observing,  that  subterranean  fires  throw  sulphuric  salts,  sul¬ 
phur,  and  other  analogous  product,  out  of  the  entrails  of  the 
earth. 

The  remains  of  terrestrial  vegetables  exhibit  a  mixture  of 
primitive  earths  more  or  less  covered  by  iron  ;  we  may  there¬ 
fore  consider  these  as  a  matrix,  in  which  the  seeds  of  all  stony 
combinations  are  dispersed.  The  earthy  principles  assort 
themselves  according  to  the  laws  of  their  affinities;  and  form 
crystals  of  spar,  of  plaster,  and  even  the  rock  crystals,  accord¬ 
ing  to  all  appearance;  for  we  find  ochreous  earths  in  which 
these  crystals  are  abundantly  dispersed;  we  see  them  formed 
almost  under  our  eyes.  We  may  frequently  observe  indurated 
ochres  full  of  these  crystals,  terminating  in  two  pyramids. 

The  ochreous  earths  appear  to  deserve  the  greatest  attention 
of  naturalists.  They  constitute  one  of  the  most  fertile  means 
of  action  that  nature  employs;  and  it  is  even  in  earths  nearly 
similar  to  these,  that  she  elaborates  the  diamond,  in  the  king¬ 
doms  of  Golconda  and  Visapour. 

The  spoils  of  animals,  which  live  on  the  surface  of  the  globe, 
are  entitled  to  some  consideration  among  the  number  of  causes, 
wnich  we  assign  to  explain  the  various  changes  our  planets  is 
subject  to.  We  find  bones  in  a  state  of  considerable  preser¬ 
vation  in  certain  places;  we  can  even  frequently  enough  dis- 
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tinguish  the  species  of  the  animals  to  which  they  have  belong¬ 
ed.  From  indications  of  this  sort  it  is,  that  some  writers  have 
endeavoured  to  explain  the  disappearance  of  certain  species; 
and  thence  to  draw  the  conclusion,  either  that  our  planet  is 
perceptibly  cooled,  or  that  a  sensible  change  has  taken  place 
in  the  position  of  the  axis  of  the  earth. 


LECTURE  XXVI. 

"VOLCANOS. 

»  The  fluid  lake  that  works  below, 

Bitumen,  sulphur,  salt,  and  iron  scum, 

Heaves  up  its  boiling  tide.  The  lab’ring  mount 
Is  torn  with  agonizing  throes.  At  once, 

Forth  from  its  side  disparted,  blazing  pours 
A  mighty  river;  burning  in  prone  waves, 

That  glimmer’d  through  the  night  to  yonder  plain. 

Divided  there,  a  hundred  torrents  stream. 

Each  ploughing  up  its  bed,  roll  dreadful  on, 

Resistless.  Villages,  and  woods,  and  rocks, 

Fall  flat  before  their  sweep.  The  region  round, 

Where  myrtle  walks  and  groves  of  golden  fruit 
Rose  fair;  where  harvest  waved  in  all  its  pride; 

And  where  the  vineyard  spread  its  purple  store, 

Maturing  into  nectar;  now  despoiled 

Of  herb,  leaf,  fruit,  and  flower,  from  end  to  end 

I  Lies  buried  under  fire,  a  glowing  sea.  Mallet. 

The  most  remarkable  changes  which  have  taken 
place  in  the  form  and  constitution  of  the  earth,  since  the 
i  deluge,  have  probably  been  produced  by  subterraneous 
i  fires;  for  it  is  to  their  agency  that  philosophers  ascribe 
D  volcanos  and  earthquakes;  those  tremendous  instruments 
1  of  nature,  by  which  she  converts  plains  into  mountains, 
u  the  ocean  into  islands,  and  dry  land  into  stagnant 
pools  : 

With  loud  displosion,  to  the  starry  frame, 

!  Shoots  fiery  globes,  and  furious  floods  of  flame ; 

Now  from  her  bellowing  caverns  burst  away 
Vast  piles  of  melted  rocks  in  open  day. 

Her  shatter’d  entrails  wide  the  mountain  throws, 

And  deep  as  hell  her  flaming  centre  glows.  Wartow. 

When  these  fires  were  first  kindled ;  by  what  sort  of 
:i  fuel  they  are  still  maintained;  at  what  depths  below  the 
11  surface  of  the  earth  they  are  placed;  whether  they  have 
a  mutual  communication;  of  what  dimensions  they 
n  consist;  and  how  long  they  may  continue,  are  questions 
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"which  clo  not  admit  an  easy  decision.  But  though  it 
will  ever  be  impossible  for  us  to  search  far  into  the 
bowels  of  the  earth,  or  to  imitate,  in  an  extensive  de¬ 
gree,  the  great  operations  which  are  constantly  carrying 
on  beneath  its  surface,  yet  it  affords  a  curious  mind  no 
mean  degree  of  satisfaction  to  be  able,  by  obvious  ex¬ 
periments,  to  form  some  reasonable  conjectures  con¬ 
cerning  them. 

Dr.  Watson,  in  his  Chemical  Essays,  says,  “  Mr.  Lemery,  as  far  as  I 
have  been  able  to  learn,  was  the  first  person  who  illustrated,  by  actual 
experiment,  the  origin  of  subterraneous  fires.  He  mixed  twenty-five 
pounds  of  powdered  sulphur  writh  an  equal  weight  of  iron  filings;  and 
having  kneaded  the  mixture  together,  by  means  of  a  little  water,  into 
the  consistence  of  a  paste,  he  put  it  into  an  iron  pot,  covered  it  with  a 
cloth,  and  buried  the  whole  a  foot  under  ground.  In  about  eight  or 
nine  hours  time  the  earth  swelled,  grew  warm,  and  cracked:  hot  sul¬ 
phureous  vapours  were  perceived;  a  flame,  which  dilated  the  cracks, 
was  observed;  the  superincumbent  earth  was  covered  with  a  yellow 
^and  black  powder:  in  short,  a  subterraneous  fire,  producing  a  volcano 
in  miniature,  was  spontaneously  lighted  up  from  the  reciprocal  actions 
of  sulphur,  iron,  and  water.  That  part  of  this  experiment  which  relates 
to  the  production  of  fire,  by  the  fermentation  of  iron  filings  and  sulphur 
when  made  into  a  paste,  has  been  frequently  repeated  since  the  lime 
of  Mr.  Lemery. 

44  That  heat  and  fire  should  be  generated  from  the  spontaneous  ac¬ 
tions  of  minerals  upon  each  other,  is  a  phenomenon  by  no  means 
singular  in  nature,  how  difficult  soever  it  may  be  to  account  for  it. 
The  heat  of  putrescent  dunghills,  of  the  fermenting  juices  of  vegetables, 
and,  above  all,  the  spontaneous  firing  of  hay  not  properly  dried,  are 
obvious  proofs  that  vegetables  possess  this  property  as  w  ell  as  minerals. 
In  both  vegetables  and  minerals,  a  definite  quantity  of  moisture  is 
requisite  to  enable  them  to  commence  that  intestine  motion  of  their 
parts,  which  is  necessary  for  the  production  of  fire.  Iron  and  sulphur 
would  remain  mixed  together  for  ages  w  ithout  taking  fire,  if  they  were 
either  kept  perfectly  free  from  moisture,  or  drenched  w  ith  too  much 
water;  and  vegetables,  in  like  manner,  which  are  quite  dry,  or  ex¬ 
ceedingly  wet,  are  incapable  of  taking  fire  while  they  continue  in  that 
state. 

“  But  though  it  is  certain,  from  the  experiment,  that  mixtures  of 
iron  and  sulphur,  when  moistened  with  a  proper  quantity  of  water, 
will  spontaneously  take  fire;  yet  the  origin  of  subterraneous  fires 
cannot,  with  any  degree  of  probability,  be  referred  to  the  same  prin¬ 
ciple,  unless  it  can  be  shown  that  nature  has  combined  together,  in 
large  quantities,  iron  and  sulphur,  and  distributed  the  composition 
through  various  internal  parts  of  the  earth, 

\  44  There  is,  perhaps,  no  mineral  more  commonly  met  w  ith  than  that 

"  which  is  composed  of  iron  and  sulphur.  It  is  found  not  only  upon  the 
face  of  the  earth,  but  at  the  greatest  depths  below  it,  to  which  mines 
have  been  hitherto  driven,  and  in  all  parts  of  the  world.  This  mineral 
is  called,  in  some  parts  of  England,  copperas-stone;  in  others,  brazil; 
in  others,  brass-lumps;  in  others,  rust-balls;  in  others,  horse-gold ;  in 
others,  marcasite.  The  scientific  name  is  pyrites, — fiery:  a  denomina¬ 
tion  expressive  enough  of  the  property  which  this  mineral  has  of 
striking  fire  with  steel,  and  of  spontaneously  taking  fire,  when  laid  in 
heaps,  and  moistened  with  water.  So  much  of  this  sort  of  the  pyrites 


The  ( treat  Crater  of  Etna  in  1920 


4 


VOLCANOS. 


391 


is  dug  up  together  with  the  coal,  at  Whitehaven,  Newcastle,  and  other 
places,  that  people  are  employed  to  pick  it  out  from  among  the  coal, 
lest  it  should  vitiate  its  quality,  and  render  it  less  saleable.  The 
pieces  of  the  pyrites,  which  are  separated  from  the  coal,  are  not 
thrown  aside  as  useless,  hut  laid  in  heaps,  for  a  purpose  to  be  men¬ 
tioned  hereafter;  and  these  heaps,  not  many  years  since,  took  fire,  both 
at  Whitehaven  and  in  the  neighbourhood  of  Halifax.  The  same  acci¬ 
dent  was  observed  above  a  hundred  years  ago,  at  Puddle  Wharf,  in 
London  where  heaps  of  coal,  which  contained  much  of  this  pyrites, 
took  fire. 

“  Though  Lemery  w  as  the  first  person  who,  by  artificial  mixtures  of 
sulphur  and  iron,  produced  fire,  yet  that  natural  mixtures  of  these 
substances  would  spontaneously  take  fire,  was  known  before  he  made 
his  experiment.  In  1664,  a  man  at  Ealand,  in  Yorkshire,  had  piled 
up  in  a  barn  many  cart-loads  of  the  pyrites,  or  brass-lumps,  as  they 
were  called  by  the  colliers,  for  some  secret  purposes  of  his  own:  the 
roof  of  the  barn  happening  to  be  bad,  the  pyrites  were  wetted  by  the 
rain;  in  this  state  they  began  to  smoke,  and  presently  took  fire,  and 
burned  like  red-hot  coal. 

“  In  1751,  the  cliffs  near  Charmouth,  in  Dorsetshire,  took  fire,  in 
consequence  of  a  heavy  fall  of  rain,  after  a  hot  and  dry  season;  and 
they  continued,  at  intervals,  to  emit  flame  for  several  years. — These 
cliffs  consist  of  a  dark-coloured  bituminous  loam,  in  which  are  im¬ 
bedded  large  quantities  of  different  kinds  of  the  pyrites.  The  same 
kind  of  flame  has  been  frequently  observed  in  the  Cornish  mines,  and 
this  mineral  fire  sometimes  leads  to  the  discovery  of  a  mine;  but 
wherever  it  is  found  to  exist,  the  iron  pyrites  is  generally  discovered 
near  it.” 

Volcanos  generally  exist  in  the  vicinity  of  the  sea  or 
large  lakes,  and  also  break  out  from  unfathomable  depths 
below  the  sea,  and  form  new  islands  with  the  melted 
lava  and  stones  which  they  eject.  When  a  volcano 
breaks  out  in  a  new  situation,  it  forms  a  vast  rent  or 
fissure,  through  which  lava  and  stones  are  thrown  out, 
that  soon  choke  up  the  passage,  and  confine  the  eruption 
to  one  or  more  openings,  round  which  a  conical  mountain 
is  formed,  the  open  part  of  which  is  called  the  crater. 

The  indications  of  an  approaching  eruption  are,  an 
increase  of  smoke  from  the  summit,  which  sometimes 
rises  to  a  vast  height,  branching  in  the  form  of  a  pine- 
tree.  Tremendous  explosions,  like  the  firing  of  artillery, 
commence  after  the  increase  of  smoke,  and  are  suc¬ 
ceeded  by  red-coloured  flames  and  showers  of  stones; 
at  length  the  lava  flows  out  from  the  top  of  the  crater,  or 
breaks  through  the  sides  of  the  mountain,  and  covers 
the  neighbouring  plains  with  melted  matter,  which,  be¬ 
coming  consolidated,  forms  a  stony  mass,  often  not  less 
than  some  hundred  square  miles  in  extent,  and  several 
yards  in  thickness.  The  eruption  has  been  known  to 
continue  several  months.  The  quantity  of  volcanic 
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powder,  called  ashes,  thrown  out,  is  inconceivably 
great. 

During  one  eruption  of  iEtna,  a  space  of  150  miles  in  circuit  wai 
covered  with  a  stratum  of  sand  twelve  feet  thick.  When  the  lavf 
flows  freely,  the  earthquakes  and  explosions  become  less  violent- 
which  proves  that  they  were  occasioned  by  the  confinement  of  the 
erupted  matter,  both  gaseous  and  solid.  The  smoke  and  vapour  o< 
volcanos  are  highly  electrical.  The  long  period  of  repose  whicl 
sometimes  takes  place  between  two  eruptions  of  the  same  volcano,  if 
particularly  remarkable. 

In  the  volcanic  land  series  of  points  may  be  traced, 
seemingly  connected.  The  whole  granitic  chain,  which 
borders  the  Pacific,  is  crowned  by  volcanos;  beginning 
at  the  straits  of  Maghellan,  with  the  Andes,  which  in 
Chili  has  fourteen  burning  craters.  Those  of  Peru 
are  most  numerous  and  terrible,  as  are  those  of  the 
isthmus  of  Mexico,  and  California.  The  littoral 
chain  to  Alashka,  offers  several  volcanos,  some  in 
activity.  Others  are  found  in  that  semicircular  chain 
of  islands  between  the  continents,  terminating  near 
Kamschatka,  in  which  peninsula  are  five  active  vol¬ 
canos,  besides  many  extinct  craters,  which  reach  to 
Daouria. 

South  of  Kamschatka,  the  ignivomous  chain  traces 
the  Kourvilla  isles,  Jesso,  and  Japan;  a  series  of  vol¬ 
canic  islets  joins  on  to  the  Marianne  isles,  which  have 
nine  active  volcanos;  and  thence  through  Polynesia. 
Another  branch  runs  south,  by  Lieou,  Kiou,  Formosa, 
Philippines,  Indian  Archipelago,  and  Australasia  to 
New  Zealand,  where  remain  unequivocal  signs  of  sub¬ 
terranean  fires. 

Several  ramifications  go  off  to  the  Indian  Sea.  In 
the  Mauritius  is  an  active  volcano;  the  Isles  of  France 
and  Madagascar,  St.  Paul,  and  Amsterdam,  are  co¬ 
vered  with  leaves,  ashes,  and  scoriae ;  the  mineral  wa¬ 
ters  and  confused  mountains  of  the  Cape  of  Good 
Hope,  indicate  subterraneous  fires;  the  Gebel-Tar,  is 
an  extinct  crater,  at  the  entrance  of  the  Red  Sea, 
between  the  ancient  volcanos  of  Upper  Egypt  and 
Syria,  which  join  those  of  America,  and  Caucasus, 
and  the  isles  of  the  Archipelago,  whose  fires  burst 
forth  occasionally,  in  the  caverns  of  Lemnos,  Milo, 
and  Santorin.  The  Ionian  Isles,  in  the  Adriatic,  are 
volcanic ;  and  ignivomous  mountains  are  on  the  coast. 
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Sicily  lias  its  Etna,  Naples  its  Vesuvius,  and  Strom- 
holo,  in  the  Islands  of  Lipari. 

AH  Italy  offers  vestiges  of  ancient  volcanos,  by  the 
Apennines;  the  coasts  of  Provence,  where  are  the  ex¬ 
tinct  craters  of  Olioules,  and  Evenos;  another  on  the 
Alps  of  Dauphmy;  and  in  Spain  are  the  solfataras, 
leaves,  and  puzzolanas,  in  the  environs  of  Burgos. 
All  Upper  Germany,  between  the  Alps  and  Krapacks, 
indicates  ancient  volcanos ;  especially  in  Bohemia, 
Hesse,  Lusatia,  Hungary,  Silesia,  &c.  Mount  Atlas 
rests  on  volcanic  ground,  and  also  the  islands  of 
St.  Helena,  and  Assumption,  composed  of  leaves 
and  ashes;  the  Cape  Verd  Islands,  of  which,  Fuego 
always  throws  out  flames;  the  Canaries,  whose  Peak 
of  Teneriffe  is  a  higher  volcano  than  Etna;  the  Azores, 
incessantly  disordered  by  submarine  fires;  the  British 
Isles,  with  Ireland,  famed  for  its  Giant’s  Causeway; 
the  Hebrides,  the  Feme  Isles,  and  finally,  Iceland, 
which  terminates  this  long  chain  by  Mount  Hecla, 
a  focus  more  active  than  Vesuvius.  On  the  coast  of 
America,  Guadeloupe,  Dominica,  Trinidad,  See.  have 
active  craters. 

In  this  great  number  of  volcanos  only  those  are  ignivomous  si¬ 
tuated  near  the  sea  ;  the  others  were  so  only  when  the  ocean  was  not 
yet  fixed  in  its  actual  basin.  These  ancient  volcanos  are  not  in  a 
greater  quantity,  on  account  of  the  unequal  periods  of  (heir  existence. 
Their  fires  ceased  as  the  ocean  no  longer  bathed  the  sides  of  the  cra¬ 
ters  ;  and  others  were  formed  which  disappeared  from  the  same  causes. 
Thus  the  extinct  volcanos  indicate  the  successive  retreat  of  the  waters, 
and  of  the  limits  of  their  basin.  But  such  observations  are  very  in¬ 
complete,  and  even  in  the  centre  of  Europe,  doubts  remain  on  the 
volcanic  nature  of  some  lands.  The  absence  of  volcanos  in  the  north 
is  consequent  on  these  countries  being  the  last  abandoned  by  the  sea, 
and  too  low  for  a  focus  to  subterraneous  fires.  By  comparing  locali¬ 
ties,  the  neighbourhood  of  the  sea,  and  the  elevation  of  the  land,  are 
necessary  circumstances  for  this  phenomena.  Hence  volcanos  are  so 
terrible  in  the  chain  of  the  Cordilleras,  so  frequent  in  high  islands; 
and  so  rare,  or  rather  unknown,  on  low  coasts. 

It  is  supposed  by  several  authors,  that  the  fires  of  Etna  communicate 
with  those  of  Vesuvius,  whose  focus  extends  through  part  of  Italy, 
below  the  Solfatara.  It  is  probable  that  such  subterraneous  commu¬ 
nications  exist;  and  Humboldt  says  the  same  takes  place  in  the  great 
volcanos  of  Peru.  Speaking  of  the  valley  of  Quito,  lie  says  :  “  proba¬ 
bly  the  whole  high  part  of  the  province  is  only  one  volcano:  what  are 
called  the  mountains  of  Cotopaxi  and  Pichincha  are  only  little  sum¬ 
mits,  whose  craters  form  different  vents,  all  ending  in  the  same  hollow.” 
“  From  the  enclosure  of  the  crater  of  Pichincha  there  rise,  as  if  dart¬ 
ing  from  the  abyss,  three  peaks  ;  three  rocks,  not  covered  with  snow, 
because  the  vapours  the  mouth  of  the  volcano  exhales  melt  them  con- 
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stantly.  To  examine  the  bottom  of  the  crater,  we  lay  down  flat,  Wid 
it  is  impossible  for  the  imagination  to  figure  any  thing  more  dismal, 
melancholy,  and  frightful,  than  what  we  then  beheld.  The  mouth  of 
the  volcano  forms  a  circular  hole,  nearly  a  league  in  circumference, 
its  perpendicular  edges  covered  with  snow  ;  the  interior  quite  black, 
but  the  abyss  so  immense,  that  we  could  distinguish  the  tops  of  several 
mountains  in  it ;  their  summits  seemed  to  be  2  or  300  toises  below  us  ; 
judge  then  where  their  base  must  be.  I  have  no  doubt  that  the  bottom 
of  the  crater  is  on  a  level  w  ith  the  town  of  Quito/’  The  phenomena  of 
Pichincha,  however,  and  of  the  other  volcanos  of  Peru,  only  differ 
from  those  of  Vesuvius,  in  the  flow  of  lava  being  more  scarce.  Cava- 
miles  relates,  that  in  1797,  “  the  summits  of  the  mountains  rolled  down, 
and  from  their  split  sides  came  out  such  an  immense  mass  of  foetid  water, 
that  in  a  little  time  it  filled  valleys  1000  feet  broad  and  600  deep,  and 
in  a  few  days  condensing  by  desiccation  into  an  earthy  and  very  hard 
crust,  it  intercepted  the  course  of  rivers,  and  made  them  flow  back¬ 
wards  for  87  days. 

Muddy  eruptions  likewise  are  occasioned  merely  by  the  superabund¬ 
ance  of  water,  which  soaks  the  matters  in  proportion  as  they  enter 
into  combustion;  but  this  fact,  very  rare  in  ordinary  volcanos,  is  ha¬ 
bitual  in  salses.  Dolomien  first  made  them  known  by  his  description 
of  the  muddy  volcanos  of  Macalouba  in  Sicily  :  “  The  soil  of  the  coun¬ 
try  is  calcareous;  covered  with  mountains  and  hillocks  of  argil,  some 
with  a  gypseous  nucleus.  One  mountain  (argillaceous)  with  a  circu¬ 
lar  base,  represents  imperfectly  a  truncated  cone,  perhaps  150  feet 
high,  and  terminated  by  a  plain,  a  little  convex,  half  a  mile  round. 
On  this  summit  are  many  truncated  cones,  the  largest  two  feet  and 
a  half  high,  the  smallest  only  a  few  lines.  All  have  on  their  summits 
little  craters,  in  the  form  of  funnels,  proportioned  to  their  mass.  The 
ground  on  which  they  rest  is  a  grey  dried  clay,  over  a  vast  and  im¬ 
mense  abyss  of  mud,  in  which  there  is  the  greatest  risk  of  being  sw  al¬ 
lowed  up.  The  interior  of  each  little  crater  is  alw  ays  moist ;  from 
the  bottom  of  the  funnel  rises  every  moment  a  grey  liquid  clay  w  ith 
a  convex  surface;  this  bubble,  bursting  with  a  noise,  throws  the  clay 
out  of  the  crater,  and  it  flows  like  lava  on  the  sides  of  the  hillock;  the 
intermittence  is  two  or  three  minutes.” 

Spallanzani  found  similar  volcanos  in  the  hills  of  Mo¬ 
dena  and  Reggio ;  Pallas,  in  the  Crimea ;  Dolomien 
attributes  this  phenomenon  to  the  sulphuric  acid  in  the 
clay  disengaging  the  carbonic  acid  of  the  calcareous 
base  of  the  argillaceous  mountain.  Rut  on  comparing 
the  salses,  with  the  ordinary  volcanos,  whose  ejections 
are  principally  dry  and  very  solid  matters,  to  the  burn¬ 
ing  tracts,  like  the  Solfatara,  the  Pietra-Mala,  and  se¬ 
veral  regions  in  Italy,  whence  fluids  are  continually 
disengaged,  it  is  obvious  that  these  three  phenomena 
have  an  identical  cause,  producing  different  effects, 
because  of  the  inequality  of  action  in  the  three  princi¬ 
pal  agents.  Thus,  when  the  solids  predominate,  as  in 
the  great  volcanos,  whose  focus  is  in  homogeneous 
and  primitive  mass,  the  solids  decompose  the  water 
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and  disengage  the  fluids,  so  that  the  residuum  can  be 
only  dry  substances  diversely  combined  and  altered,  as 
lavas,  volcanic  glass,  ashes,  scoriae,  &c.  If  the  water 
exceed,  the  eruption  produces  torrents  of  mud,  as  in 
the  salses  and  the  muddy  ejections ;  and  if  the  fluids  super- 
abound,  we  see  only  heat  and  light  disengaged,  as  in  the 
'  Solfataras,  &c.  &c.  Yet  the  atmospheric  fluids,  the  ocea¬ 
nic  liquids,  and  the  terrene  solids,  collecting  in  one 
'  focus,  sometimes  meet  in  unequal  portions,  and  mutually 
|  influence  each  other;  hence  a  volcano  throws  out  a  Nile 
d’acqua,  or  columns  of  fire  and  smoke. 

On  establishing  the  fermentation  of  volcanic  matters, 
the  efforts  of  the  agents  in  the  focus  are  communicated 
around,  and  produce  a  trepidation  seldom  extending 
far,  and  violent,  according  to  the  cavernous  nature  of 
the  ground.  The  fluids  restored  by  the  re-action  on  the 
bases  held  in  solution,  can  only  disengage  themselves 
from  the  crater  by  the  eruption  of  the  compressing 
matters.  Part  of  these  fluids  passes  through  the  mass 
of  the  ground,  especially  when  schistous,  as  in  the  pri¬ 
mitive  formations  ;  or  when  it  has  voids,  as  in  the  se¬ 
condary.  Here  the  commotion  is  felt,  and  produces 
sinkings  when  the  currents  of  air  violently  shake  the 
beds  they  traverse. 

Several  parts  of  Italy  exhibit  traces  of  these  sinkings.  In  Jamaica, 
during  the  earthquake  of  1692,  some  portions  of  the  island  fell  in, 
abysses  opened,  lakes  took  the  place  of  mountains,  and  most  of  the 
high  grounds  sunk. 

When  the  fluids  are  too  much  resisted  horizontally, 
as  in  the  granite  land,  their  expansibility  then  acts 
from  below  upwards,  and  enormous  masses  are  raised. 

Such  risings  have  been  often  observed,  but  none  more  remarkable 
than  that  in  1759,  in  the  high  plain  of  Mexico.  A  mountain,  1494  feet 
high,  rose  smoking  from  the  bowels  of  the  earth,  and  is  yet  pierced 
with  crevices,  whence  inflammable  gases  incessantly  exhale.  Its  sum¬ 
mit  is  a  crater  always  on  fire,  in  which  Humboldt  descended,  through 
fragile  lavas,  a  perpendicular  depth  of  258  feet.  Montc-Nuovo,  near 
Vesuvius,  was  thus  formed. 

The  appearance  of  new  islands  is  owing  to  similar 
causes  ;  for  the  sub-marine  volcanos,  in  some  latitudes, 
resemble  ordinary  ones.  Those  best  known  are  the 
Archipelago  and  Azores.  Many  curious  events  have 
happened  round  Santorin,  whose  port  occupies  the 
bottom  of  a  crater  as  large  as  that  of  Pichincha.  Its 
eruptions  have  raised  several  isles  from  the  waves;  the 
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Hiera  (Migali  Kammani)  is  the  most  ancient,  and 
has  enlarged  <  iccessively.  Others  occurred  in  A.  D. 
19,  46,  and  60.  In  1508,  Theresia  was  divided,  and 
in  1707,  and  1712,  continual  changes  produced  a  new 
island  two  leagues  round,  while  another,  which  appeared 
in  1553,  sunk  with  a  part  of  Thera  near  it.  Delos  and 
several  other  islands  have  similar  origin  ;  at  the  Azores 
similar  phenomena  yet  happen.  In  Iceland  the  erup¬ 
tions  of  Hecla  have  been  followed  the  appearance  of 
new  islands.  The  Mauritius,  and  others  in  the  Indian 
Ocean,  are  supposed  to  have  been  produced  by  similar 
risings.  In  short,  these  sort  of  changes  are  often  pro¬ 
duced  around  a  volcanic  focus  ;  and  earthquakes  are 
frequent  in  'ome  places,  as  at  Manilla,  which  island  is 
always  oscillating. 

This  kind  of  earthquake  being  dependent  on  volcanic 
phenomena,  cannot  extend  far;  a  few  only  cause  brisk 
shocks,  or  local  changes  :  a  volcanic  country  may 
be  thus  agitated,  yet  it  is  seldom  perceived  a  few 
leagues  off.  A  person  remembers  in  Elba  no  commotion 
in  1794,  during  the  eruption  of  Vesuvius  which  de¬ 
stroyed  La  Torre.  Besides,  such  changes,  though 
continual  in  those  countries,  have  no  consequences,  and 
the  ground  always  presents  nearly  the  same  aspect. 
Greece  remains  such  as  Homer,  Aristotle,  Herodotus, 
Strabo,  &c.  described  it;  and  on  Etna  are  found  the 
spots  described  by  Diodorus  of  Sicily,  and  Solinus;  the 
Italy  of  Virgil  and  Pliny  is  that  of  cur  days  :  perhaps 
in  Peru  only,  where  all  is  colossal,  are  exceptions  found. 
According  to  Humboldt  the  great  earthquake,  Feb.  4, 
1797,  in  which  40,000  individuals  perished,  changed 
the  temperature  of  the  high  plain  of  Quito  ;  though, 
except  some  partial  disorders,  all  remained  in  its  ancient 
state  ;  and  it  is  well  known  that  volcanic  commotions 
have  very  limited  effects,  even  where  they  are  most 
violent. 

Of  all  the  volcanos,  or  ignivomous  mountains,  with 
which  so  many  parts  of  the  earth  abound,  Mount  Etna, 
or  Gibe!,  in  the  island  of  Sicily,  is  unquestionably  the 
most  ancient  on  record  : 

Etna  roars,  with  dreadful  ruins  nigh, 

Now  hurls  a  bursting  cloud  of  cinders  high. 

Involved  in  smoky  whirlwinds  to  the  sky. 


Distant  View  of  Etna. 


Etna  by  Moonlight . 
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As  Homer,  however,  who  flourished  about  980  years 
before  Christ,  makes  no  mention  of  a  phenomenon  at 
once  so  tiemendous  and  extraordinary,  this  mountain  is 
supposed  not  to  have  burned  before  his  time.  Pindar, 
who  lived  480  years  after  Homer,  is  the  first  poet  who 
lias  given  us  a  description  of  its  fiery  eruptions.  He 
has  feigned  the  giant  Typhoeus  to  be  overthrown  by 
Jupiter,  and  overwhelmed  by  Etna,  whose  agitations 
and  eruptions  were  caused  by  his  vain  attempts  to 
release  himself  from  its  incumbent  pressure.  Of  this 
fiction,  Mr.  West  has  given  the  following  translation: 

Now  under  sulphurous  Cuma’s  sea-bound  coast, 

And  vast  Sicilia,  lies  the  shaggy  breast; 

By  snowy  Etna,  nurse  of  endless  frost, 

The  pillar’d  prop  of  heaven,  for  ever  press’d: 

Forth  from  whose  nitrous  caverns  issuing  rise 
Pure  liquid  fountains  of  tempestuous  fire, 

And  veil  in  ruddy  mists  the  noonday  skies, 

While  wrapt  in  smoke  the  eddying  flames  aspire, 

Or  gleaming  through  the  night  with  hideous  roar, 

Far  o  ei  the  redd  ning  main  huge  rocky  fragments  pour 

But  he,  Vulcanian  monster,  to  the  clouds 
Ihe  fiercest,  hottest  inundations  throws, 

While,  with  the  burden  of  incumbent  woods, 

And  Etna  s  gloomy  cliffs,  o’erwhelm’d  he  glow's. 

There,  on  his  flinty  bed,  outstretch’d  he  lies, 

^  hose  pointed  rock  his  tossing  carcass  wounds: 

There,  with  dismay  he  strikes  beholding  eves, 

Or  frights  the  distant  ear  with  horrid  sounds. 

From  the  building  of  Rome  to  the  79th  year  of  the  Christian  era,  no 
mention  is  made  of  Vesuvius,  though  it  had  evidently  been  in  a  prior 
state  of  activity,  as  Herculaneum  and  Pompeii,  which  were  destroyed 
by  the  eruption  of  that  year,  are  paved  with  lava.  From  the  12th  to 
the  loth  century,  it  remained  quiet  for  nearly  400  years,  and  the  crater 
was  overgrown  w  ith  lofty  trees.  It  was  descended  by  Bracchini,  an 
Italian  writer,  a  little  time  prior  to  the  great  eruption  of  1631;  the 
bottom  was  at  that  time  a  vast  plain,  surrounded  by  caverns  and 
grottos.  Etna  has  continued  burning  since  the  time  of  the  poet  Pindar, 
ith  occasional  intervals  of  repose,  seldom  exceeding  30  or  40  years 
The  elevation  of  Etna  is  estimated  at  10,963  feet  above  the  level  of 
the  sea,  being  upwards  of  2  miles.  On  clear  days  it  is  distinctly  seen 
fiom  Valetta,  the  capital  of  Malta,  distant  150  miles. 

The  summit  of  Etna  being  above  the  common  region 
of  vapours,  the  heavens  appear  with  unusual  splendour. 
Eiydone  and  his  company  observed,  as  they  ascended 
in  the  night,  that  tiie  number  and  light  of  the  stars 
seemed  infinitely  increased.  The  whiteness  of  the 
milky  way  was  like  a  pure  flame  across  the  heavens; 
and,  with  the  naked  eye,  they  observed  clusters  of 
stars  invisible  at  Catania. 
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This  one  mountain  contains  an  epitome  of  the  different  climates  in 
the  world,  presenting  at  once  all  the  seasons  of  the  year,  and  all  the 
varieties  of  produce;  and  it  is,  accordingly,  divided  into  three  zones, 
or  regions,  distinguishable  as  the  torrid,  temperate,  and  frigid,  but 
known  as  the  cultivated  region,  the  woody,  or  temperate,  and  the  fri¬ 
gid,  or  desert.  The  first  extends  through  twelve  miles  of  the  ascent, 
is  covered  with  towns,  villages,  and  monasteries,  is  incredibly  abund¬ 
ant  in  pastures,  and  fruit-trees  of  every  description,  and  the  number 
of  inhabitants  is  estimated  at  120,000.  The  woody,  or  temperate  re¬ 
gion  is  a  new  climate,  a  new  creation.  Below,  the  heat  is  suffocating; 
but  here,  the  air  is  mild  and  fresh;  the  turf  is  covered  with  aromatic 
plants,  and  the  gulfs  which  formerly  ejected  torrents  of  fire,  are 
changed  into  woody  valleys.  There  cannot  be  any  thing  more  pic¬ 
turesque;  the  inequality  of  the  soil  displaying  every  moment  some 
variety  of  scene;  here,  the  ash  and  flowering  thorns  form  domes  of 
verdure,  and  there,  chesnut-trees  grow  to  a  most  enormous  size.  That 
called  Caslagno  de  cento  cavalli ,  according  to  Brydone  and  Glover,  has 
a  circumference  of  204  feet.  Many  oaks  are  also  of  a  prodigious 
size.  Swinburne  measured  one,  in  circumference  28  feet.  The  last, 
or  desert  region,  commences  more  than  a  mile  above  the  level  of  the 
sea.  The  lower  part  is  covered  with  snow  in  winter  only;  but  on  the 
upper  the  snows  constantly  lie  : 

Sometimes  the  pencil,  in  cool  airy  halls, 

Bade  the  gay  bloom  of  vernal  landscapes  rise, 

Or  Autumn’s  varied  shades  imbrown  the  walls ; 

Now  the  black  tempest  strikes  th’  astonish’d  eyes, 

Now  down  the  steep  the  flashing  torrent  flies; 

The  trembling  sun  now  plays  o’er  ocean  blue. 

And  now  rude  mountains  frown  amid  the  skies; 

Whate’er  Lorraine  light-touch’d  with  soft’ning  hue, 

Or  savage  Ilosa  dash’d,  or  learned  Poussin  drew. 

Thomson. 

The  upper  part,  or  cone,  is,  in  a  right  line,  about 
a  mile  in  ascent.  Sir  William  Hamilton  describes  it 
as  a  little  mountain,  a  quarter  of  a  mile  perpendicular, 
and  very  steep,  in  a  gently-inclined  plane,  about  nine 
miles  in  circumference.  The  cavity  was  funnel-shaped, 
diminishing  till  it  terminated  in  a  point,  with  an  outer 
circumference  of  two  miles  and  a  half.  Spallanzani 
found  the  edge  of  the  crater  an  oval  of  about  a  mile 
and  a  half  in  circuit;  its  edges  in  many  places  indented 
by  projecting  lavas,  or  scoriae.  The  bottom  was  a 
plane,  neatly  horizontal,  about  two-thirds  of  a  mile  in 
circumference;  whence,  as  also  from  the  sides,  issued 
several  streams  of  smoke,  resembling  thin  clouds. 
Within  the  aperture  was  clearly  seen  a  liquid  ignited 
matter,  constantly  undulating,  boiling,  rising  and  fall¬ 
ing,  without  spreading  over  the  bottom,  doubtless  the 
melted  lava  from  the  bottom  of  the  gulf.  None  of  the 
above  travellers  dared  to  venture  down  the  crater, 
which  they  found  too  hot;  but  M.  D’Orville,  more  ad- 
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venturous,  by  ropes,  held  by  two  or  three  men  at  a 
distance,  descended  as  far  as  possible.  His  view  was 
greatly  intercepted  by  the  small  flames  and  smoke;  but 
in  the  centre  he  saw  a  mass  of  matter,  which  rose  co¬ 
nically,  about  CO  feet. 

In  1669,  the  torrent  of  burning  lava  inundated  a  space  fourteen 
miles  long  and  four  broad,  burying  beneath  a  part  of  Catania,  till 
precipitated  into  the  sea.  For  several  months  preceding,  the  old 
mouth,  or  great  crater  of  the  summit,  sent  forth  much  smoke  and 
flame,  and  the  top  had  fallen  in,  so  that  the  mountain  was  much 
lowered.  Eighteen  days  before,  the  sky  was  very  thick  and  dark, 
with  thunder,  lightning,  frequent  concussions  of  the  earth,  and  dreadful 
subterraneous  noises.  On  March  11,  about  sun-set,  an  immense  gulf 
opened  in  the  mountain;  into  which,  stones  thrown  could  not  be  heard 
to  strike  the  bottom.  Ignited  rocks,  fifteen  feet  long,  w  ere  hurled  the 
distance  of  a  mile  ;  and  others,  smaller,  three  miles.  During  the  night, 
the  red-hot  lava  burst  forth,  out  of  a  vineyard  twenty  miles  below  the 
great  crater,  into  the  air  to  a  considerable  height.  In  its  course  it 
destroyed  5000  habitations,  and  filled  up  a  lake  several  fathoms  deep. 
It  quickly  reached  Catania,  rose  above  the  walls,  whence  it  ran  a 
considerable  distance  into  the  sea,  forming  a  safe  and  beautiful  har¬ 
bour;  soon,  however,  filled  by  a  similar  torrent  of  inflamed  matter. 
This  is  the  stream,  whose  hideous  deformity,  devoid  of  vegetation,  still 
disfigures  the  south  and  west  borders  of  Catania,  and  on  which  part  of 
the  noble  modern  city  is  built. 

The  showers  of  scoriae  and  sand,  which,  after  a  lapse  of  two  days, 
followed  this  eruption,  formed  a  mountain  called  Mont  Rosae,  having  a 
base  of  about  two  miles,  and  a  perpendicular  height  of  750  feet.  On 
the  25th,  the  whole  mountain,  even  to  the  most  elevated  peak,  was 
agitated  by  a  tremendous  earthquake.  The  highest  crater,  the  loftiest 
part  of  t!ie  mountain,  then  sunk  into  the  volcanic  gulf;  and  nothing 
appeared  but  a  wide  gulf,  more  than  a  mile  in  extent,  whence  issued 
enormous  quantities  of  smoke,  ashes,  and  stones. 

In  1809,  twelve  new  craters  opened,  about  half  way  down  the 
mountain,  and  threw'  out  rivers  of  burning  lava,  by  which  several  estates 
were  covered,  to  the  depth  of  thirty  or  forty  feet;  and  during  three  or 
four  successive  nights,  a  very  large  river  of  red-hot  lava  was  distinctly 
seen,  in  its  whole  extent,  running  down  from  the  mountain. 

In  1811,  several  mouths  opened  on  the  eastern  side  of  the  mountain; 
being  nearly  in  the  same  line,  and  at  equal  distances,  they  presented  a 
striking  spectacle, — torrents  of  burning  matter,  discharged  with  the 
greatest  force  from  the  interior  of  the  volcano,  illuminated  the  horizon 
to  a  great  extent.  An  immense  quantity  of  matter,  driven  to  con¬ 
siderable  distances,  was  discharged  from  these  apertures;  the  largest, 
for  several  months  emitted  torrents  of  fire. 

M.  Gourhillon,  in  his  recent  Travels,  gives  the  fol¬ 
lowing  interesting  account  of  his  visit  to  Etna  in  1819 : 

“  We  set  out  at  three  o’clock  from  Catania,  and  began  our  march 
in  frightful  roads,  amidst  rocks  of  lava,  which  cover  the  first,  part  of 
the  route.  We  continued  our  journey  in  a  road  covered  with  lava, 
but  bordered  with  superb  Indian  fig  trees.  After  proceeding  five  or 
six  miles,  we  passed  through  the  village  of  Gravelina;  where  1  was 
assailed  by  nearly  the  whole  population  demanding  charity.  Some 
miles  further  we  perceived,  and  afterwards  passed  through,  another 
village,  called  Masca-Luscia :  it  contains  two  churches;  one  of  which. 
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nearly  destroyed  by  an  earthquake,  was  never  very  remarkable,  and 
the  other  is  only  rendered  so,  by  a  steeple  fantastically  decorated 
with  stones  of  various  colours.  We  arrived,  in  fine,  at  the  last  village, 
that  of  Nicolosi,  which  appeared  poorer  than  all  the  rest;  this  was 
surely,  in  former  times,  the  Town  of  Etna,  where  the  inhabitants  of 
Catania  took  refuge,  on  the  arrival  of  the  Greeks;  the  environs  abound 
in  olive  trees,  and  vineyards  which  produce  excellent  wine.  All  this 
part  was  covered  with  ashes  by  the  eruption  of  Monte  Rosso,  a  secon¬ 
dary  volcano  which  formed  itself  at  the  time  of  the  last  eruption. 
Monte  Rosso  is  one  of  those  mountains  by  which  Etna  is  surrounded. 
It  appears  that  when  an  eruption  takes  place,  the  lava  making  its 
way  on  the  flanks  of  the  mountains,  pierces  the  ground  in  the  place 
which  offers  the  least  resistance,  and  there  forms  a  swelling,  which  it 
afterwards  consolidates  by  flowing  from  above.  In  this  village  we 
found  the  guide,  or,  as  he  is  called,  the  Pilot  of  Etna.  After  some 
conversation,  he  engaged  to  ascend  for  three  piastres,  about  twelve 
shillings  and  sixpence.  From  thence  to  the  convent,  where  we  were 
to  rest  our  beasts,  we  had  no  more  than  a  mile  to  go,  which  we  per¬ 
formed  by  coasting  along  Monte  Rosso,  whose  summit  was  gilded  by 
the  sun,  and  behind  which  it  had  already  set,  when  we  arrived.  This 
mountain  is  several  miles  in  circumference.  I  profited  by  the  last 
light  of  the  sky,  in  order  to  sketch  a  view  of  the  convent,  which,  al¬ 
though  of  the  common  extent,  is  nevertheless  picturesque.  Built 
against  a  small  hill,  long  since  become  cold,  and  covered  with  woods, 
it  seems  sheltered  from  the  destructive  effects  of  the  volcano;  from 
the  other  side,  between  superb  fir  trees,  you  perceive  the  sea,  the  plains 
of  Catania  and  Syracuse.  We  were  four  hours  in  coming  from  Cata¬ 
nia,  which  is,  notwithstanding,  only  a  distance  of  twelve  miles.  I 
slept  here,  and  we  set  out  at  half  past  nine,  by  moonlight.  We  first 
entered  into  an  immense  torrent  of  lava;  the  uncertain  glimmerin  gs  of 
the  moon  gave  an  extraordinary  aspect  to  the  huge  masses  by  which  I 
was  surrounded.  Soon  after,  long  shadows  scattered  here  and  there, 
and  a  trembling  of  the  leaves,  announced  the  approach  to  the  forest  of 
oaks,  which  formerly  encircled  Etna  to  the  height  of  several  miles; 
but  which  an  immense  torrent  of  lava  had  ravaged.  We  now  entered 
into  the  most  fantastical  lavas;  they  have  more  of  a  slope,  and  the 
crevices  which  form  there,  as  soon  as  they  become  cold,  acquire  more 
extent,  and  present  a  more  rent  appearance. 

I  was  sorry  not  to  have  brought  a  thermometer,  but  I  was  not  able 
to  find  one  for  sale,  either  at  Messina  or  at  Catania.  Some  have 
found  the  elevation  of  Etna  to  be  1*2,000  feet,  and  others  24,000.  Cas¬ 
sini  reckons  10  fathoms  for  the  falling  line  of  the  mercury ,  by  adding  1  to 
the  first  10,  2  to  the  second,  &c.,  but  he  has  never  surely  made  the  ex¬ 
periment  of  his  method  on  very  high  mountains,  where  the  air  is  rare¬ 
fied  in  a  much  more  rapid  progression.  Etna  might  be  measured 
trigonometrically,  for  it  descends  as  far  as  the  sea,  the  shore  being 
taken  for  the  base.  We  may  even  have  an  approaching  idea  of  its 
elevation,  by  the  time  which  the  sun’s  light  takes  in  descending  from 
its  summit  to  the  sea*. 


*  In  returning  from  Alexandria  to  Marseilles  in  the  month  of 
March,  I  saw  Etna  covered  with  snow.  A  calm  having  lasted  some 
hours,  I  profited  by  it,  to  take  the  height  of  this  mountain.  With  the 
aid  of  a  mariner’s  compa.  *,  I  perceived  that  the  Cape  Sparti- Vento, 
in  Calabria,  reached  us  by  the  N.N.E.,  andCape  Passaro,  in  Sicily, 
by  the  S.W.;  I  war.  then  sure  of  the  point  where  I  found  myself  on 
the  chart.  (We  made  use  on  board  of  the  French  charts  of  the  Medi¬ 
terranean,  which  are  very  good.)  This  point  being  at  a  distance  of 
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Having  arrived  near  a  mass  of  snow  which  filled  one  of  the  narrow 
passes  of  the  mountain,  a  summit  which  looked  black  in  the  sky,  made 
me  believe  that  I  was  at  the  end  of  the  journey;  an  old  tower  which 
I  took  for  the  Torre  del  Filosofo ,  confirmed  me  in  my  error.  I  soon 
after  perceived  another  summit  covered  with  a  whitish  smoke;  I 
asked  if  it  was  much  higher  than  the  other:  my  guide  affirmed  that  it 
was,  and  he  was  in  the  right,  for  it  seemed  to  me  to  surpass  the  first, 
in  the  whole  height  of  Vesuvius.  The  road  became  more  united,  and 
the  acclivity  gentler.  We  coasted  along  a  torrent  of  black  lava,  the 
more  singular,  as  its  elevation  was  from  8  to  10  feet,  and  perpendi¬ 
cular  like  a  wall,  which  clearly  proved  to  me,  that  this  matter,  in 
flowing,  is  not  in  perfect  fusion;  as  a  great  part  of  the  substances 
which  it  drags  along,  are  sufficiently  hard  to  prevent  their  melting, 
and  that  they  are  like  the  basalt,  detached  from  the  immense  vaults 
which  during  many  ages  supported  this  natural  forge.  The  sky  began 
to  adorn  itself  in  the  east,  and  we  perceived  the  house  called  Les  An¬ 
glais.  After  a  light  breakfast  I  directed  my  steps  towards  the  place 
where,  according  to  custom,  the  curious  go  to  behold  the  rising  sun. 

I  now  bent  my  steps  towards  the  last  summit,  which,  covered  with 
a  light  white  smoke,  seemed  to  move  away  from  the  impatient  tra¬ 
veller.  We  walked  nearly  a  mile  on  an  almost  horizontal  lava,  or, 
to  speak  more  correctly,  on  striated  scoriae,  or  dross,  which  made  a 
crackling  noise  under  our  feet,  and  soon  after  on  a  swamp  of  snow, 
where  we  found  a  large  round  stone,  3  feet  in  diameter,  of  the  species 
of  those  called  volcanic  balls,  which  the  mountain  throws  up  in  great 
eruptions;  but  it  is  only  a  grain  of  metal  in  comparison  w'ith  the  vol¬ 
cano,  which  ejected  it  from  its  bosom.  In  fine,  we  mounted  the  last 
cone  which  supports  the  crater;  the  ashes  and  the  stones  slipping  under 
©ur  feet.  The  cold  was  excessive,  but  exercise  kept  us  warm  ;  I 
quitted  my  cloak,  and  rolling  up  in  it  some  pieces  of  lava,  I  left  it  on 
the  mountain.  At  last  we  arrived  on  the  borders  of  the  crater;  but 
the  wind  was  so  violent,  that  I  could  scarcely  cast  a  glance  over  it. 
I  was  thrown  down,  and  had  it  not  been  for  my  cicerone ,  I  might  have 
rolled  to  the  foot  of  the  declivity  which  had  given  us  so  much  trouble 
to  ascend.  Fastened  and  lying  down  on  the  ridge  of  the  crater,  I 
considered  it  at  my  ease,  and  braved  the  fury  of  jEolus  and  Vulcan. 
(See  the  Engraving.) 

It  is  a  vast  aperture,  having  4  summits  of  different  heights,  rather 
more  than  a  mile  in  width,  and,  on  account  of  its  inequalities,  I 
should  think  it  about  4  in  circumference.  It  is  divided  into  2  craters. 


60  miles  from  the  foot  of  the  axis  of  Etna,  I  measured  at  that  time  the 
angle  which  the  summit  of  the  mountain  made  with  the  horizon;  it  was 
found  to  be  6  degrees;  which  gave  me  a  rectangular  triangle  of  which 
I  knew  a  side  and  the  3  angles,  the  one  right,  the  other  of  6  degrees, 
and  the  third  of  84  degrees.  The  base  being  of  60  miles,  there  re¬ 
mained  for  me  only  to  make  the  following  proportion. 

24 

Sin.  84°  :  66  miles  Sin.  6°  :  4— 

The  result  is  found  to  he,  for  the  axis  side  of  Etna,  4  miles  and 
24-84ths,  above  4^  miles,  or  20,400  feet,  for  the  total  height.  This 
measure  is  not  perhaps  perfectly  correct,  but,  at  least,  it  approxi¬ 
mates  very  near  to  it.  If  this  height  appears  surprising,  we  ought  to 
consider  that  other  great  mountains  have  never  been  measured  but 
with  the  barometer,  and  that  Mr.  Brydone  was  surprised  to  see  the 
mercury  here  descending  nearly  2  inches  lower  than  on  the  summit  of 
the  Alps. 


/ 
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by  a  cone  rising  from  its  centre,  and  which  forms  a  crater  itself,  the 
slope  of  which  is  not  very  rapid.  The  ancient  aperture  is  united  to 
this  cone  by  a  gentle  declivity,  where  has  probably  been  formed 
within  a  recent  period,  a  small  crater,  a  partial  volcano,  a  perfect 
truncated  cone,  from  whence  issues  a  great  quantity  of  smoke.  The 
general  aspect  of  the  crater  is  much  less  dreary  than  that  of  Vesuvius; 
the  substances  surrounding  it  are  not  so  black,  but  have  rather  the 
colour  of  potter’s  earth.  It  is  now  6  years  since  Etna  has  made  an 
eruption,  but  it  has  given  concussions  which  have  alarmed  the  inha¬ 
bitants  of  Catania  and  overthrown  some  houses.  I  attribute  its  silence 
and  its  tranquillity,  not  to  the  extinction  of  the  fires,  for  they  still  rage 
m  its  bosom,  but  to  the  great  vacuum  which  must  necessarily  exist 
under  this  enormous  vault.  The  whole  of  the  mountain  being  formed 
oniy  by  what  it  has  seized  and  driven  out  of  the  bowels  of  the  earth, 
we  might  reasonably  think  that  an  interior  vacuum,  perhaps  equal  to 
the  half  of  the  exterior  mass,  must  exist ;  at  least  that  it  is  not  filled  with 
water,  as  some  persons  have  believed.  However  this  may  be,  it  ap¬ 
pears  that  in  great  eruptions,  all  the  cones,  all  the  partial  volcanos 
formed  in  the  crater,  are  thrown  to  the  outside ;  which  must  then 
make  a  frightful  aperture  by  its  extent  and  profundity.  I  do  not  know 
whether,  when  this  cone  is  considerably  enlarged,  its  weight  alone 
makes  it  fall  into  the  gulf,  the  vaults  of  which  have  no  longer  the 
force  to  sustain  it,  or  whether  the  eruption  suffices  to  cause  this  dis¬ 
placement.  This  question  can  never  be  well  decided;  for  it  would 
then  require  that  chance  should  place  an  observer  on  the  borders  of 
the  crater,  and,  in  that  case,  he  would  run  a  great  risk  never  to  be 
able  to  relate  what  he  had  seen. 

<  I  could  not  make  the  entire  tour  of  the  crater  on  account  of  the 
violence  of  the  wind,  which  prevented  me  also  from  descending  into 
the  interior,  which  appeared  to  me  less  rapid  than  that  of  Vesuvius. 

I  shall  now  explain  to  you  the  ideas  which  the  sight  of  Vesuvius 
and  Etna  has  left  on  my  mind.  Volcanos  are  certainly  the  most  sur¬ 
prising  objects  we  meet  with  on  the  surface  of  our  globe.  Allow  me 
to  suppose  that  one  man  alone  inhabits  it;  that  he  walks  about  in  his 
domains;  where  will  he  find  fire,  unless  a  thunder-bolt  falls  at  his  feet, 
or  that  he  arrives  near  to  a  volcano,  near  to  Etna  for  instance  ?  We 
may  judge  of  his  astonishment,  at  the  sight  of  a  mountain  different  from 
all  others.  Huge  stones,  of  which  the  whole  is  the  true  image  of  chaos, 
would  at  first  appear  to  him  a  barrier  to  his  arriving  at  the  summit; 
but  a  deafening  noise  is  heard,  the  entire  mountain  roars,  a  thick 
cloud  of  smoke  rises  up  and  becomes  white,  a  light,  of  which  he  cannot 
conceive  the  cause,  covers  the  top,  and  escapes  in  sparkling  sheaves ;  if 
curiosity  has  triumphed  over  his  fear,  he  braves  all  obstacles,  lie  tra¬ 
verses  the  snow,  and  at  last  he  arrives  at  the  summit.  Some  red-hot 
stones  are  still  strewed  under  his  feet;  should  he  lay  hold  of  one,  what 
will  he  think  of  the  pain  he  experiences  ?  Thus,  of  how  many  mytho¬ 
logical  tales  has  Etna  been  the  theatre  1  It  was  there  that  were  found 
the  forges  of  Vulcan,  the  cavern  of  the  terrible  Polyphemus,  that 
monstrous  Cyclop,  from  whose  voracity  Ulysses  had  so  much  difficulty 
in  escaping;  the  people  believe  still  that  Etna  is  the  sojourn  of 
demons — a  door  of  hell. 

This  Etna  is  truly  an  image  of  the  earth;  it  may  be  compared  to 
one  of  the  two  hemispheres,  of  the  north  or  of  the  south ;  its  icy 
summit  resembles  the  pole,  and  is  not  susceptible  of  culture :  its 
temperate  zone,  on  the  contrary,  presents  the  finest  vegetation.  The 
superb  forest  which  surrounds  it,  like  a  covering  of  verdure,  and 
its  base,  where  the  torrents  of  lava,  finding  less  declivity,  extend  the 
more,  resemble  the  countries  situated  between  the  two  tropics ;  some 
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plants  are  even  found  there,  such  as  the  date  tree,  which  are  peculiar 
to  them.” 

M.  Ostervald,  in  his  splendid  work,  published  in 
Paris,  in  1822,  and  entitled,  "  Voyage  Pittoresque  en 
Sidle ,”  gives  the  following  account  of  the  great  crater 
of  Etna : 

“Above  the  snows,  which  to  a  distant  beholder  seem  to  crown  Etna, 
and  to  be  in  immediate  contact  with  the  orifice  of  that  immense  vol¬ 
cano,  there  exists  a  vast  and  unequal  space,  a  desolate  and  frightful 
region,  incessantly  beaten  by  an  impetuous  wind,  or  covered  with 
sulphurous  clouds," agitated  by  continual  workings,  which  daily  change 
its  aspect  and  its  dangers,  and  composed  of  the  remains  of  the  most 
.violent  eruptions,  or  of  the  more  tardy  products  of  the  continual  fer¬ 
mentation  operating  within  the  crater,  even  in  its  ordinary  and  acces¬ 
sible  state.  In  the  midst  of  this  arid,  burning,  and  chaotic  waste,  rises 
an  ultimate  eminence,  steep  and  uneven,  down  the  sides  of  which  roil 
at  every  moment  the  torrified  substances  emitted  from  the  interior  of 
the  crater,  at  short  intervals,  and  with  loud  detonations.  Yet  this 
instantaneous  ejection  of  cinders,  lava,  and  scoriae,  is  not  sufficient  to 
deter  the  audacious' traveller,  who  is  determined  on  attaining  a  station 
whence  he  may  contemplate  the  gulf,  of  which  this  frightful  cone 
forms  as  it  were  the  crown.  In  ascending  the  exterior  slope  of  this 
apex,  the  feet  are  sometimes  buried  in  loose  cinders,  or  recoil  with 
the  rubbish,  that  gives  way  at  every  step;  sometimes  they  slip  from 
the  smoother  parts,  which  the  mephitic  clouds  have  covered  with 
humidity.  Still,  the  heat  of  this  unstable  ground  allows  no  time  for 
taking  breath,  even  when  the  extreme  rarefaction  of  the  air,  at  an 
elevation  of  10,000  feet  above  the  level  of  the  sea,  might  alone  cause 
great  difficulty  of  respiration.  Exhalations  from  the  crater  descend 
iu  volumes  down  the  sides  of  the  mountain,  producing,  when  met  with, 
a  painfully  suffocating  sensation,  and  augmenting  the  terror  and  dismay 
caused  by  the  explosions  that  are  heard  from  the  interior  of  the  vol¬ 
cano,  echoing  and  reverberating  in  abysses,  of  which  the  imagination 
dares  not  conceive  the  extent  or  profundity.  At  each  detonation  the 
mountain  appears  to  quake;  scoriae,  ashes,  and  calcined  stones  glide 
in  black  furrows  along  its  declivity,  and  render  the  access  still  more 
perilous.  In  many  cases,  it  is  only  by  going  on  hands  and  knees,  and 
by  attaching  themselves  one  to  another  with  cords,  that  persons  find  it 
possible  to  attain  the  extreme  verge  of  the  great  opening,  from  whence 
the  eye  can  scarcely  take  in  the  vast  circumference  at  a  single  view. 
Id  fact,  the  crater  of  Etna  has  not  the  aspect  of  an  almost  regular 
funnel;  it  appears  rather  to  be  a  gulf,  the  periphery  of  which,  unequal 
in  its  outline  and  elevation,  is  divided  by  numerous  crevices;  and 
presents,  in  a  circle  of  nearly  a  league  in  extent,  a  succession  of 
salient  and  retiring  angles,  lateral  cavities,  deep  fissures,  and  sharp 
projections,  several  of  which  form  so  many  particular  craters,  in  a 
state  of  incandescence. 

The  interior  surface  of  the  crater,  which  has  almost  the  aspect  of  an 
artificial  excavation,  is  furrowed  with  crevices,  from  whence  are 
emitted,  with  some  noise,  and  at  brief  intervals,  sheaves  of  fire  and 
whirling  clouds  of  smoke,  the  greater  part  of  which,  after  rising  to  a 
considerable  height,  fall  down  again  into  the  very  gulf.  The  burning 
lava,  the  ashes,  and  the  calcined  fragments,  are  frequently  shot  to  the 
exterior  of  the  crater;  glittering  scoriae  explode  in  the  air,  like  sky¬ 
rockets,  and  roll  away  at  a  distance  down  the  slope  of  the  mountain. 
Some  travellers  have  seen  torrents  of  lava  escape  from  the  cavities  of 
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the  interior  declivity,  in  a  state  of  fusion,  and  flow  down  the  abyss 
where  they  were  lost  in  the  sinuosities  of  an  irregular,  but  apparently 
bottomless  funnel.  Yet  this  fearful  spectacle  may  be  comtemplated 
from  a  still  nearer  point  of  view;  and  some  intrepid  observers  have 
penetrated  down  the  sloping  sides  into  the  very  interior  of  the  crater  • 
in  which,  at  the  depth  of  25  or  30  feet,  occurs  a  sort  of  shelf  or 
corniche,  from  whence  a  closer  inspection  may  be  obtained,  though 
not  without  extreme  danger,  of  this  imposing  scene.  Sometimes  the 
bottom  appeared  covered  with  ashes  and  rubbish;  sometimes  it  was 
overspread  with  a  dense  vapour  impenetrable  to  the  sight.  There 
were  moments  when  it  was  possible  to  distinguish  the  sinuosities  of  an 
abyss,  winding  amidst  calcined  rocks,  to  the  depth  of  about  600  feet ;  at 
other  times,  an  interior  cone,  crowned  with  a  second  crater,  rose  from 
the  midst  of  the  cavity;  at  a  more  recent  period,  this  immense  basin 
seemed  to  be  divided  in  several  places  by  immense  partitions,  formed 
of  lava  and  scoriae.  But  whatever  be  the  state  of  the  gulf,  its  sublime 
and  terrible  aspect,  and  the  dreadful  phenomena  of  which  it  is  the 
Scene,  appal  the  understanding  and  strike  the  imagination.  But  if,  on 
turning  at  once  from  the  contemplation  of  these  horrible  wonders/the 
beholder  directs  his  view  away  from  the  crater,  toward  the  immense 
horizon  which  expands  around  Etna,  a  contrast  of  the  most  delightful 
kind  enchants  his  eye,  and  revives  his  oppressed  spirits.  All  Sicily 
her  cities,  her  harbours,  her  rivers,  her  rich  plains,  and  the  sea  which 
forms  her  superb  cincture,  seen  from  this  prodigious  elevation,  form  a 
picture  indescribably  magnificent.  Torrents  of  light  stream  over  those 
fertile  valleys,  those  azure  waves,  and  those  mountains  that  seem 
dwindled  into  little  hills  in  the  presence  of  this  frowning  and  gigantic 
volcano.” 

Vesuvius  is  situated  about  seven  miles  east  of  Na¬ 
ples,  upon  a  vast  and  well-cultivated  plain,  presenting 
two  summits  on  the  same  base.  One,  La  Somma,  is 
the  Vesuvius  of  Strabo  and  the  ancients;  the  other, 
being  the  most  elevated,  is  the  mouth  of  the  volcano* 
which  mostly  emits  smoke.  Its  summit  above  the  level 
of  the  sea,  is  3,900  feet;  and  may  be  ascended  by  three 
different  routes,  very  steep  and  difficult,  from  the  co¬ 
nical  form  of  the  mountain,  and  the  loose  ashes,  which 
slip  from  under  the  feet;  the  distance,  however,  from 
the  base  to  the  summit  is  not  more  than  three  Italian 
miles.  The  circumference  of  the  platform,  on  the  top, 
is  5,024  feet.  Thence  may  be  seen  Portici,  Capraja* 
Ischia,  Pausilippo,  and  the  gulf  of  Naples,  bordered 
with  orange  trees ;  the  prospect,  that  of  Paradise  seen 
from  the  infernal  regions. 

On  approaching  the  mountain,  its  aspect  is  neither 
terrific  nor  gloomy,  being  cultivated  more  than  two- 
thirds  of  its  height,  its  brown  top  alone  being  barren. 
Yet,  when  covered  with  clouds,  which  sometimes  en¬ 
compass  its  middle  only,  this  barrenness  rather  in¬ 
creases,  than  diminishes,  the  magnificence  of  the  spec- 
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tacle.  Upon  the  lavas  long  ejected,  and  which,  like 
gieat  fuirows,  extend  into  the  plain,  and  to  the  sea, 
stand  houses,  villages,  and  towns,  'with  gardens,  vine¬ 
yards,  and  cultivated  fields;  but  sentiments  of  sorrow, 
blended  with  apprehensions  of  the  future,  arise  on  re¬ 
collecting  that,  beneath  a  soil  so  fruitful  and  smiling, 
lie  edifices,  gardens,  and  whole  towns.  Portici  rests 
upon  Herculaneum;  its  environs  upon  Resina;  and  at 
a  short  distance  is  Pompeii,  in  whose  streets,  after 

more  than  17  centuries  of  non-existence,  the  astonished 
traveller  now  walks. 

A  very  great  eruption  of  this  mountain  took  place 
in  1669.  The  progress  of  the  lava,  or  fiery  deluge 
above  desciibed,  was  at  the  rate  of  a  furlong1  a  day. 
It  advanced  into  the  sea  600  yards,  and  was  then  a  mile 
in  breadth.  It  destroyed,  in  forty  days,  the  habita¬ 
tions  of  27,000  persons;  and  of  20,000  inhabitants  of 
the  city  of  Catania,  only  3000  escaped.  This  inunda¬ 
tion  of  liquid  fire,  in  its  progress,  met  with  a  lake  4 
miles  in  compass,  and  not  only  filled  it  up,  although  it 
was  only  4  fathoms  deep,  but  raised  it  into  a  mountain. 
Borelli,  an  ingenious  Neapolitan,  has  calculated,  that 
the  mattei  discharged  at  this  eruption  was  sufficient  to 
fill  a  space  of  93, ©38, 750  cubic  paces.  The  lava  which 
ran  from  it,  is  14  miles  in  length,  and,  in  many  parts,  6 
in  breadth. 

The  violent  eruption  of  Vesuvius,  Tm  1767,  is  reck¬ 
oned  the  2/ tli  since  that  which  destroyed  the  cities  of 
Herculaneum  and  Pompeii,  in  the  reign  of  emperor 
Titus;  and  this  eruption  of  1767  has  been  succeeded 
by  several  others.  ( See  Plate  1.) 

The  eruption  of  1779  has  been  described  by  Sir  William  Hamilton, 
as  among  the  most  remarkable,  from  its  extraordinary  and  terrific  ap¬ 
pearance.  During  the  whole  of  July  the  mountain  was  in  a  state  of 
censi  eralre  fermentation,  subterraneous  explosions  and  rumbling 
noises  being  heard,  and  quantities  of  smoke  thrown  up  with  great 
vioience,  sometimes  with  red-hot  stones,  scorite,  and  ashes.  On  Aug. 
5Ji,  the  volcano  was  greatly  agitated,  a  white  sulphureous  smoke, 
apparen  y  our  times  the  height  and  size  of  the  volcano,  issuing  from 
the  crater,  while  vast  quantities  of  .'matters  were  throw  n  up  to  a  vast 
height;  the  liquid  lava,  having  cleared  the  rim  of  the  crater,  llowed 
down  the  sides  of  the  mountain  to  the  distance  of  4  miles;  the  air  was 
■  th!Ckfn5d  by  showers  of  reddish  ashes,  .blended  with  lung  filaments  of 
i  vxtrefied  matter  resembling  glass.  On  the  7th,  at  midnight,  a  fountain 
ot  fire  shot  up  to  an  incredible  height,  casting  so  bright  a  light,  that 
i  e  smallest  objects  were  distinguishable  6  miles  from  the  volcano. 
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Next  evening,  after  a  tremendous  explosion,  which  broke  the  windows 
of  the  houses  at  Portici,  another  fountain  rose  to  the  surprising  height 
of  10,000  feet  (nearly  2  miles),  while  its  splendid  brightness  was  inter¬ 
rupted  here  and  there  by  puffs  of  the  blackest  smoke.  The  lava  wras, 
by  the  wind,  directed  partly  tow  ards  Ottaiano,  on  which  fell  so  thick 
a  shower  of  ashes,  blended  with  vast  pieces  of  scoriae,  that,  had  it  con¬ 
tinued  longer,  that  town  would  have  shared  the  fate  of  Pompeii.  The 
horror  of  the  scene  was  augmented  by  incessant  volcanic  lightning 
darting  through  the  black  cloud,  while  the  sulphureous  smell  and  heat 
would  scarcely  allow  breathing;  and  this  dreadful  state  continued 
nearly  half  an  hour.  The  remaining  lava,  red-hot  and  liquid,  fell  on 
the  top  of  Vesuvius,  and  covered  its  cone,  with  that  of  La  Somma,  and 
the  intermediate  valley,  thus  forming  an  intense  body  of  fire,  not  less 
than  2  miles  and  a  half  broad,  and  casting  a  heat  at  least  6  miles 
round. 

In  the  eruption  of  1794,  although  the  town  of  Torre  del  Greco  was 
instantly  surrounded  with  red-hot  lava,  the  inhabitants  saved  them¬ 
selves  by  coming  out  of  the  tops  of  their  houses  on  the  following  day. 
“  Had  this  lava,”  observes  Mr.  Kirwan,  “  been  hot  enough  to  melt 
even  the  most  fusible  stones,  these  persons  must  have  been  suffocated.” 
This  eruption  happened  June  15,  at  10  o’clock  at  night,  and  was  an¬ 
nounced  by  a  shock  of  an  earthquake,  distinctly  felt  at  Naples.  At 
the  same  moment  a  fountain  of  bright  fire,  with  a  very  black  smoke 
and  a  loud  report,  rose  to  a  considerable  height,  from  about  the  mid¬ 
dle  of  the  cone.  It  was  hastily  succeeded  by  other  fountains,  15  in  a 
direct  line,  tending,  for  about  a  mile  and  a  half,  towards  Resina  and 
Torre  del  Greco.  This  fiery  scene  was  accompanied  by  the  loudest 
thunder,  whose  incessant  reports,  like  those  of  a  numerous  heavy  ar¬ 
tillery,  were  attended  by  a  continued  hollow  murmur.  At  this  mo¬ 
ment  the  sky,  from  a  bright  full-moon  and  star-light,  became  obscured  ; 
the  moon  seemed  eclipsed,  and  w'as  soon  invisible. 

Next  day  a  new  mouth  was  opened  on  the  side,  facing  Ottaiano; 
from  which  aperture  a  considerable  stream  of  lava  ran  w  ith  great 
velocity  through  a  wood,  which  it  burnt,  about  3  miles  in  a  few  hours, 
but  stopped  before  it  reached  the  vineyards  and  cultivated  lands. 
The  lava  from  several  new  mouths  on  the  south  side,  reached  and  ran 
into  the  sea,  after  having  overwhelmed,  burnt,  and  destroyed  much, 
by  passing  through  the  centre  of  Torre  del  Greco,  which  contained 
about  18,000  inhabitants,  but  all  escaped,  except  about  15,  through 
age  or  infirmity,  overwhelmed  in  their  houses.  Its  rapid  progress 
was  such,  that  the  goods  and  effects  were  entirely  abandoned.  It  was 
ascertained  afterwards,  that  on  the  west  side  part  of  the  crater  had 
fallen  in,  and  greatly  extended  the  mouth  of  Vesuvius.  This  sinking 
opposite  Naples  probably  occurred  early  on  the  morning  of  the  18th; 
as  a  violent  shock  of  an  earthquake  was  felt  at  Resina.  The  clouds 
of  smoke  from  the  widely-extended  mouth,  were  so  dense  as  with  the 
utmost  difficulty  to  force  their  passage.  One  cloud  heaped  on  another, 
and  succeeded  incessantly;  in  a  few  hours  they  formed  such  a  gigantic 
and  elevated  column  of  the  darkest  hue,  over  the  mountain,  as  seemed 
to  threaten  Naples  with  immediate  destruction,  it  being,  at  one  time, 
bent  over  the  city,  and  appearing  much  too  massive  and  ponderous  to 
remain  long  suspended. 

Plate  2  is  a  view  of  Mount  Vesuvius,  and  of  Somma,  taken  from 
Posilipo,  July  6th,  1794,  when  it  eould  be  clearly  distinguished. 

Plate  3  represents  the  enormous  cloud  of  smoke  and  ashes,  replete 
with  ferilli,  or  volcanic  lightning,  which  first  threatened  destruction 
to  the  town  of  Naples  on  the  18th  of  June,  1794;  and  afterwards,  from 
the  impulse  of  the  sea  wind,  bent  over  the  mountain  of  Somma,  and 
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poured  its  destructive  contents  on  the  town  situated  at  the  foot  of  that 
mountain,  beating  in  the  roofs  of  the  houses,  and  involving  all  the 
inhabitants  of  the  Campagna  Felice  in  darkness  and  danger.  This 
view  was  taken  from  Naples,  and  gives  a  very  good  idea  of  the  ap¬ 
pearance  of  Mount  Vesuvius,  like  a  mole-hill,  in  comparison  with  the 
enormous  mass  that  hung  over  it. 

In  1804  Vesuvius  gave  symptoms  of  a  fresh  eruption,  for  several 
months,  and  on  the  night  of  August  11th,  a  deep  roaring  was  heard  at 
the  Hermitage  of  Salvador,  and  the  places  adjacent,  accompanied  by 
shocks  of  an  earthquake,  sensibly  felt  at  Resina.  Next  day,  at  noon, 
a  thick  black  smoke  rose  from  the  mouth  of  the  crater,  which,  dilating 
prodigiously,  covered  the  whole.  In  the  evening,  loud  explosions 
were  heard;  and  a  column  of  fire  was  seen,  at  Naples,  to  rise  from 
the  aperture,  carrying  up  stones  in  complete  ignition,  which  fell  again 
into  the  crater.  The  noise  which  accompanied  these  igneous  explo¬ 
sions  resembled  the  roaring  of  a  most  dreadful  tempest,  and  the 
whistling  of  the  most  furious  winds;  while  they  were  ejected  with 
such  celerity,  that  ere  the  first  emission  had  terminated  it  was  suc¬ 
ceeded  by  a  second.  Small  monticules  were  formed  of  a  fluid  matter, 
resembling  a  red  vitreous  paste,  from  the  mouth  of  the  crater;  which 
became  more  considerable  as  the  matter  accumulated. 

Thus  the  eruption  continued,  the  fire  equally  intense,  with  frequent 
and  dreadful  noises,  till  on  the  28th,  amid  these  fearful  symptoms, 
another  aperture,  ejecting  fire  and  stones,  behind  the  crater,  was  seen 
from  Naples,  The  burning  mass  of  lava  which  escaped  on  the  follow¬ 
ing  day,  was  obvious  from  Torre  del  Greco,  appearing  as  a  vitreous 
fluid,  and  advancing,  south  and  south-wfest,  towards  the  base  of  the 
mountain,  which  it  reached  on  the  30th;  its  course  was  into  four 
branches,  and  finally  reached  a  spot  called  the  Guide’s  Retreat,  having 
flowed,  in  24  hours,  a  distance  of  3,053  feet,  its  mean  breadth  being 
about  350,  but  at  the  base  860  feet.  Its  entire  progress  was  more  than 
a  mile,  so  that,  taking  a  mean  proportion,  it  flowed  86  feet  in  an  hour, 
f  The  great  eruption  of  1805  happened  on  the  12th  of  August,  within  a 
day  of  that  of  the  preceding  year.  Subterraneous  noises  had  been 
previously  heard,  and  a  general  apprehension  of  some  violent  commo¬ 
tion  prevailing,  the  inhabitants  of  Torre  del  Greco  and  Annunciada 
bad  left  their  homes,  through  the  apprehension  of  a  shower  of  fire  and 
ashes,  similar  to  that  which  buried  Pompeii.  The  stream  of  lava 
f  took  the  same  course  writh  that  of  1794.  It  swept  along  with  it  enor¬ 
mous  masses  of  whatever  occurred  in  its  course,  and,  on  reaching  the 
sea  there  was  to  be  seen  or  heard  for  a  great  extent  of  shore,  only 
the  boiling  and  hissing  arising  from  the  conflict  of  the  water  and  fire, 
i  The  eruption  of  1806,  without  any  sensible  indication,  took  place 
on  the  evening  of  May  31,  when  a  bright  flame  rose  about  600  feet 
high,  sinking  and  rising  alternately,  and  affording  so  clear  a  light,  that 
a  letter  might  have  been  read  at  the  distance  of  a  league  around  the 
mountain.  On  the  following  morning,  without  any  earthquake  pre¬ 
ceding,  as  was  customary,  the  volcano  ejected  inflamed  substances 
from  three  new  neighbouring  mouths,  and  about  650  feet  from  the 
summit.  The  lava  took  the  direction  of  Torre  del  Greco  and  Annun- 
ciata,  approaching  Portici,  on  the  road  from  Naples  to  Pompeii.  The 
i  whole  of  June  2,  a  noise  was  heard,  resembling  discharges  of  artillery 
and  musketry,  from  two  armies  engaged.  The  current  of  lava  now 
resembled  a  wall  of  fused  glass,  whence  sparks  and  flashes  issued, 
with  a  loud  detonation.  Vines,  trees,  houses, — whatever  objects  it 
encountered,  were  instantly  overthrown  or  destroyed.  This  eruption 
continued  till  September,  made  great  ravages,  and  was  one  of  the 
most  terrible  in  the  memory  of  the  inhabitants. 
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“  Vesuvius,”  says  Dr.  Clarke, 4<  is  in  all  respects,  as  to  its  chemical 
nature,  a  vast  blow-pipe,  corresponding  in  all  its  phenomena,  with  the 
appearances  and  effects,  the  explosions  and  detonations,  the  heat  and 
the  light,  exhibited  by  the  apparatus  which  bears  this  name;  and  dif¬ 
fering  from  it  only  as  the  mighty  operations  of  nature,  in  the  universe, 
differ  from  the  puny  imitations  of  the  chemist,  in  his  laboratory.  No 
volcanic  eruption  takes  place  without  the  agency  and  decomposition 
of  water.  Hence,”  says  Dr.  Clarke,  “  before  any  great  eruption 
of  Vesuvius,  not  only  does  the  water  disappear  in  all  the  wells  in 
Naples,  Portici,  Resina,  and  other  towns  at  the  foot  of  the  mountain, 
but  even  the  sea  itself  retires.” 

It  is  curious  to  observe,  that  while  volcanos  spread 
such  wide  and  incessant  destruction  in  South  America, 
they  are  totally  unknown  in  the  northern  part  of  the 
American  continent.  In  1600,  a  volcano  in  Peru 
covered  an  area  of  ground,  above  34,000  square  acres, 
with  sand,  ashes,  and  other  matter. 

“  In  September,  1783, 1  received,”  says  M.  Titsingh,  in  his  work  on 
Japan,  “  from  Yedo  the  following  particulars  of  the  dreadful  ravages 
occasioned  by  the  eruption  of  the  volcano,  Asama-ga-daki,  in  the  dis¬ 
tricts  of  Djozou  and  Zinzou.  At  eight  o’clock  in  the  morning,  there 
arose  in  the  province  of  Sinano,  a  very  strong  east  wind,  accompanied 
with  a  dull  noise,  like  that  of  an  earthquake,  which  increased  daily. 
In  4  days  there  was  a  tremendous  noise,  and  a  shock  of  an  earthquake ; 
the  walls  of  the  houses  cracked,  and  seemed  ready  to  tumble;  each 
successive  shock  was  more  violent,  till  the  flames  burst  forth,  with  a 
terrific  uproar,  from  the  summit  of  the  mountain,  followed  by  a  tre¬ 
mendous  eruption  of  sand  and  stones:  though  it  was  broad  day,  every 
thing  was  enveloped  in  profound  darkness,  through  which  the  flames 
alone  threw  at  times  a  lurid  light.  For  three  days  the  mountain  never 
ceased  to  cast  up  sand  and  stones.  The  large  village  of  Sakamoto, 
and  several  others,  situated  at  the  foot  of  the  volcano,  were  soon  re¬ 
duced  to  ashes,  by  the  ignited  matter  which  it  projected,  and  by  the 
flames  which  burst  from  the  earth.  (See  the  Engraving.)  The  inhabi¬ 
tants  fled;  but  the  chasms,  every  where  formed  by  the  opening  of  the 
ground,  prevented  their  escape,  and  in  a  moment  a  great  number  of 
persons  were  swallowed  up  or  consumed  by  the  flames.  The  water  of 
the  rivers  Yoko-gawa  and  Carousaw'a  boiled;  the  course  of  the  Yone- 
gawa,  one  of  the  largest  rivers  of  Japan,  was  obstructed,  and  the 
boiling  water  inundated  the  adjacent  country.  The  hears,  hyaenas, 
and  other  beasts  of  prey,  fled  from  the  mountains,  and  flocked  to  the 
neighbouring  villages,  where  they  devoured  the  inhabitants,  or  mangled 
tnem  in  a  horrible  manner.  The  number  of  dead  bodies  floating  upon 
the  rivers  was  incalculable.  Twenty-seven  villages  were  swa!lowred 
up,  and  four  only  escaped,  namely,  Matsyeda,  Yasouye,  Takasakie, 
and  Fousie-oka.  At  the  last  of  these  places  there  fell  a  shower  of 
red-hot  stones,  each  weighing  4  or  5  ounces.  At  2  o’clock  the  same 
day,  the  mountain  of  Asama  cast  forth  a  torrent  of  flames  and  balls  of 
fire,  and  the  whole  country  was  enveloped  in  darkness.  Many  other 
villages,  besides  those  here  named,  either  partly  disappeared  with 
their  inhabitants,  or  were  swept  away.” 

Java,  one  of  the  finest  islands  in  the  world,  is  almost 
entirely  volcanic.  In  1586,  there  was  an  eruption  which 
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killed  10,000  persons.  In  1772,  a  great  part  of  the 
Passandayang  was  swallowed,  with  violent  explosions. 
Forty  villages  were  destroyed;  2957  inhabitants,  and  15 
miles  in  length  and  6  of  breadth  ingulfed.  But  a  more 
extraordinary  eruption  was  that  of  Tomboro,  a  mountain 
in  Sambawa,  in  1815.  So  tremendous  was  this  explo¬ 
sion,  that  its  effects  extended  over  the  Molucca  Islands, 
Java,  and  a  large  portion  of  Celebes,  Sumatra,  and 
Borneo,  to  a  circumference  of  1000  miles  from  its 
centre,  by  tremulous  motions;  and  the  report  of  the 
explosion  was  heard  at  Java,  300  miles  distant;  while 
showers  of  ashes  fell  upon  the  island,  and  totally 
darkened  the  atmosphere.  The  ashes  lay  an  inch  and 
a  half  deep  at  Macassar,  distant  250  miles.  The  sea 
was,  for  many  miles  round  Sambawa,  so  covered  with 
pumice-stone  and  trunks  of  trees,  as  to  impede  the 
progress  of  ships;  and  the  atmosphere  was,  for  2  entire 
days,  in  total  darkness.  The  explosions  were  not  only 
heard  at  Java,  and  the  before-mentioned  islands,  but  at 
Banca  and  Amboyna;  the  latter  890  miles  distant,  the 
former  986. 

This  latter  eruption  is  thus  described  in  Raffles’s  History  of 
Java: — “  The  first  explosions  were  heard  in  the  evening  of  the  5th  of 
April,  1815:  they  were  noticed  in  every  quarter,  and  continued  at 
intervals  until  the  following  day.  The  noise  was,  in  the  first  instance, 
universally  attributed  to  distant  cannon.  On  the  following  morning, 
however,  a  slight  fall  of  ashes  removed  all  doubt  as  to  the  cause  of  the 
sound;  and  it  is  worthy  of  remark,  that  as  the  eruption  continued,  the 
!  sound  appeared  to  be  so  close,  that  in  each  district  it  seemed  near  at 
hand,  and  was  generally  attributed  to  an  eruption,  either  from  the 
mountains  Merapi,  Klut,  or  Bromo.  From  the  6th,  the  sun  became 
obscured;  it  bad  every  where  the  appearance  of  being  enveloped  in  a 
fog.  The  weather  was  sultry  and  the  atmosphere  close,  and  still  the 
sun  seemed  shorn  of  its  rays,  and  the  general  stillness  and  pressure  of 
i  the  atmosphere  seemed  to  forbode  an  earthquake.  This  lasted  several 
I  days.  The  explosions  continued  occasionally,  hut  less  violently,  and 
i  less  frequently  than  at  first.  Volcanic  ashes  also  began  to  fall,  hut  in 
small  quantities,  and  so  slightly  as  to  be  hardly  perceptible  in  the 
western  districts.  This  appearance  of  the  atmosphere  continued,  with 
i  little  variation,  until  the  10th  of  April.  On  the  evening  of  the  10th, 
the  eruptions  were  heard  more  loud  and  more  frequent;  from  Cheri-, 
bon,  eastward,  the  air  became  darkened  by  the  quantity  of  falling 
ashes;  the  sun  was  nearly  darkened;  and  in  some  situations,  particu- 
s  larly  at  Solo  and  Rembang,  many  said  that  they  felt  a  tremulous 
]  motion  of  the  earth.  It  was  universally  remarked,  in  the  more  eastern 
!  districts,  that  the  explosions  were  tremendous,  continuing  frequently 
!  during  the  11th,  and  of  such  violence  as  to  shake  the  houses  percep¬ 
tibly.  An  unusual  thick  darkness  was  remarked  all  the  following 
i  night,  and  the  greater  part  of  the  next  day.  At  Solo,  candles  were 
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lighted  at  4  p.  m.  of  the  I2th;  at  JViagelan,  in  Kedu,  objects  could  not 
be  seen  at  300  yards’  distance.  At  Gresik,  and  other  districts  more 
eastward,  it  was  dark  as  night  on  the  greater  part  of  the  12th  of  April, 
and  this  saturated  state  of  the  atmosphere  lessened  as  the  cloud  of 
ashes  passed  along  and  discharged  itself  on  its  way.  Thus  the  asheg 
that  were  8  inches  deep  at  Banyuwangi  were  but  2  in  depth  at 
Sumenap,  and  less  in  Gresik;  and  the  sun  does  not  seem  to  have  been 
actually  obscured  in  any  district  w  est  of  Semarang. 

The  haziness  and  heat  of  the  atmosphere,  and  occasional  fall  of 
volcanic  ashes,  continued  until  the  14th,  and  in  some  parts  of  the 
island  until  the  17th  of  April.  They  w  ere  cleared  away  universally 
by  a  heavy  fall  of  rain,  after  w’hich  the  atmosphere  became  clear  and 
more  cool.  In  Rembang,  where  the  rain  did  not  fall  till  the  17th,  and 
the  ashes  had  been  considerable,  the  crops  were  somewhat  injured; 
hut  in  Banyuwangi,  the  part  of  the  island  on  which  the  cloud  of  ashes 
.pent  its  force,  the  injury  was  more  extensive. 

The  Rajah  was  himself  a  spectator  of  this  eruption,  of  which  he  gate 
the  follow  ing  account.  About  7  p.  m.  on  the  10th  of  April,  three  dis¬ 
tinct  columns  of  flame  burst  forth  near  the  top  of  the  Tomboro  moun¬ 
tain  (all  of  them  apparently  within  the  verge  of  the  crater),  and  after 
ascending  separately  to  a  very  great  height,  their  tops  united  in  the 
air,  in  a  troubled  confused  manner.  In  a  short  time,  the  whole  moun¬ 
tain  next  Sang’ir  appeared  like  a  body  of  liquid  fire,  extending  itself 
in  every  direction.  The  fire  and  columns  of  flame  continued  to  rage 
with  unabated  fury,  until  the  darkness,  caused  by  the  quantity  of  falling 
matter,  obscured  it  at  about  8  p.  m.  Stones,  at  this  time,  fell  very 
thick  at  Sang’ir;  some  of  them  as  large  as  two  fists,  but  generally  not 
larger  than  walnuts.  Between  9  and  10  p.  in.  ashes  began  to  fall,  and 
soon  after  a  violent  w'hirlwind  ensued,  which  blew'  down  nearly  every 
house  in  the  village  of  Sang’ir,  carrying  the  ataps,  or  roofs,  and  light 
parts  away  with  it.  In  the  part  of  Sang’ir  adjoining  Tomboro  its 
effects  were  much  more  violent,  tearing  up  by  the  roots  the  largest 
trees,  and  carrying  them  into  the  air,  together  with  men,  horses,  cattle, 
and  whatever  else  came  within  its  influence.  The  sea  rose  nearly  12 
feet  higher  than  it  had  ever  been  known  to  do  before,  and  completely 
spoiled  the  only  small  spots  of  rice-land  in  Sang’ir,  sweeping  away 
houses  and  every  thing  within  its  reach.  The  whirlwind  lasted  about 
an  hour.  No  explosions  were  heard  til!  the  whirlwind  had  ceased,  at 
’•bout  11  a.  in.  From  midnight  till  the  evening  of  the  11th,  they  con¬ 
tinued  without  intermission;  after  that  time  their  violence  moderated^ 
and  they  were  only  heard  at  intervals,  but  the  explosions  did  not  cease 
entirely  until  the  15th  of  July.  Of  the  whole  village  of  Tomboro, 
containing  about  40  inhabitants,  only  one  remained.” 

In  1816,  Mr.  Brande  published  an  account  of  an  ex¬ 
traordinary  natural  phenomenon  in  the  plains  of  Gro- 
hogan,  in  Java,  50  miles  NE.  of  Solo. 

A  party,  that  set  out  from  Solo  to  examine  it,  on  approaching  the 
yiliage  of  Kuhoo,  saw',  betw  een  2  trees  in  a  plain,  an  appearance  like 
the  surf  breaking  over  rocks,  with  a  strong  spray  falling  leeward. 
The  spot  was  completely  surrounded  by  flats,  for  the  manufacture  of 
salt.  Alighting,  they  went  to  the  bludugs,  as  the  Javanese  call  them, 
and  found  them  to  be  on  an  elevated  plain  of  mud,  about  2  miles  in 
circumference;  in  the  centre  of  which,  immense  bodies  of  salt  mud 
were  thrown  up,  to  the  height  of  from  10  to  15  feet,  in  the  forms  of 
large  globes,  w  hich  bursting,  emitted  volumes  of  dense  w  hite  smoke. 
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At  times  they  threw  up  2  or  3  tons  of  mud.  As  the  globes  burst,  they 
threw  the  mud  out  from  the  centre  with  a  loud  noise,  occasioned  by  the 
falling  of  the  mud  upon  that  which  surrounded  it,  of  which  the  plain  is 
composed.  It  was  difficult  and  dangerous  to  approach  the  large  globes 
or  bubbles,  as  the  ground  was  all  a  quagmire,  except  where  the  surface 
of  the  mud  had  become  hardened  by  the  sun ;  upon  this  they  approached 
cautiously,  to  within  50  yards  of  the  largest  bubble,  or  mud  pudding 
They  also  got  close  to  a  small  globe  or  bubble  (the  plain  was  full  of 
thdm,  of  different  sizes),  and  observed  it  closely  for  some  time.  It 
appeared  to  heave  and  swell,  and  when  the  internal  air  had  raised  it 
to  some  height,  it  burst,  and  the  mud  fell  down  in  concentric  circles, 
in  which  shape  it  remained  quiet,  until  a  sufficient  quantity  of  air  was 
again  formed  internally,  to  raise  and  burst  another  bubble.  This  con¬ 
tinued,  at  intervals,  from  about  one-half  to  two  minutes.  From  various 
other  parts  of  the  quagmire,  round  the  large  globes  or  bubbles,  there 
were  occasionally  small  quantities  of  mud  shot  up,  to  the  height  of  20 
or  30  feet,  accompanied  by  smoke.  The  mud,  at  all  places  they  came 
near,  was  cold  on  the  surface,  but  they  were  told  it  was  warm  beneath. 
The  water  which  drains  from  the  mud  is  collected  by  the  Javanese', 
and  by  being  exposed,  in  the  hollows  of  split  bamboos,  to  the  rays  of 
the  sun,  deposits  crystals  of  salt. 

Almost  all  the  mountains  or  volcanos  in  Java  are 
found,  on  examination,  to  have  the  same  general  con¬ 
stitution:  they  are  striped  vertically,  by  sharp  ridges, 
which,  as  they  approach  the  foot  of  the  mountain,  take 
a  more  winding  course.  These  ridges  alternate  with 
valleys,  whose  sides  are  of  various  declivities. — • 
Large  rocks  of  basalt  occasionally  project,  and  in 
several  instances  the  valleys  form  the  beds  of  rivers 
towards  the  tops  of  the  volcanos;  in  the  rainy  season 
they  all  convey  large  volumes  of  water. 

Next  in  importance  to  this  extensive  series  of 
primary  mountains,  there  are  various  ridges  of  smaller 
mountains,  or  hills,  extending  in  different  directions, 
with  nearly  an  equal  degree  of  elevation;  sometimes 
originating  from  or  connected  with  the  primary 
volcanos,  sometimes  forming  independent  ranges,  and 
arising  separately  and  at  a  distance  from  the  great 
series.  These,  which  have  been  termed  secondary 
mountains,  though  evidently  of  a  volcanic  nature,  differ 
in  many  particulars  ot  their  constitution  from  those  of 
the  larger  series.  They  generally  extend  in  long  narrow 
ridges,  with  but  a  moderate  elevation,  and  their  sides 
are  less  regularly  composed  of  the  vertical  ridges  above 
mentioned.  In  most  cases,  a  stratified  structure  and 
submarine  origin  may  be  discovered.  They  are  gene¬ 
rally  covered  with  large  rocks  of  basalt;  and  in  some 
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instances  they  consist  of  wacken  and  hornblende,  which 
is  found  along  their  base,  in  immense  piles. 

411uvial  districts,  evidently  of  recent  origin,  are 
noticed  in  several  parts  of  the  island.  These  are  formed 
from  the  sediment,  and  near  the  discharge  of  large 
rivers,  and  at  the  borders  of  the  calcareous  ridges,  which 
are  in  many  instances  partially  covered  by  them:  their 
boundary  can  easily  be  traced,  and  most  of  them  are 
still  in  a  state  of  constant  progression.  Among  other 
phenomena  are  mineral  wells,  of  various  temperature 
and  impregnation;  wells  of  naphtha,  or  petroleum;  and 
rivers,  arising,  in  a  few  instances,  from  the  craters  of 
volcanos,  impregnated  with  sulphureous  acid. 

From  these,  and  all  other  investigations  yet  made,  the 
constitution  of  Java  appears  to  be  exclusively  volcanic. 
From  the  vast  Asiatic  chain  of  mountains,  one  branch  of 
which  terminates  in  Ceylon,  proceeds  another,  which, 
traversing  Arakan,  Pegu,  and  the  Malayan  peninsula, 
extends  to  Sumatra,  Banka,  and  Biliton,  where  it  may 
be  said  to  disappear.  On  Java,  no  granite  has  been 
discovered.  In  its  constitution,  as  in  its  direction,  it 
may  be  considered  as  the  first  of  a  series  of  volcanic 
islands,  which  extend  nearly  eastward  from  the  Straits 
of  Sunda  for  about  25  degrees. 

It  is  related,  that  in  former  times  the  islands  of  Sumatra,  Java,  Bali, 
and  Sumbawa  were  united,  and  afterwards  separated  into  9  different 
parts;  and  it  is  also  said,  that  when  3000  rainy  seasons  have  passed 
away,  they  will  be  re-united. 

The  separation  of  the  lands  of  Palembang  (Sumatra)  and  Java 

took  place  in  the  Javan  year  .  1114 

The  separation  of  the  lands  of  Bali  and  Balembangan  on  Java  in  1204 
The  separation  of  the  lands  of  Giling,  Trawangan,  and  Bali  in. .  1260 
The  separation  of  the  island  of  Selo-Parang  and  Sumbawa  in. . . .  1280 

Stromboli  is  the  principal  of  the  Lipari  Isles,  lying 
north  of  Sicily,  all  of  which  contain  volcanos.  At  a 
distance,  its  form  appears  an  exact  cone,  but  it  is  a 
mountain  with  two  summits,  of  different  heights,  whose 
sides  have  been  torn  and  shattered  by  craters.  The 
highest  summit,  inclining  S\Y.,  is  about  a  mile  high. 

From  the  more  elevated  summit,  the  inner  part  of  the  burning  rrater, 
and  its  mode  of  eruption,  may  be  seen.  It  is  about  half-way  up,  on 
the  NW.  side  of  the  mountain,  and  has  a  diameter  of  250  feet. 
Burning  stones  are  thiown  up,  at  intervals  of  seven  or  eight  minutes, 
ascending  in  diverging  rays.  While  a  portion  rolls  down  towards  the 


Eruption  of  Vesuvius ,  from  Naples. 


Volcano  in  Japan. 
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sea,  the  greater  part  fall  again  into  the  crater,  and  are  again  cast 
out,  until  they  are  reduced  to  ashes.  The  volcano,  however,  constantly 
supplies  others,  and  seems  inexhaustible.  In  the  more  violent  erup¬ 
tions,  the  ejected  matter  rises  half  a  mile,  or  higher;  many  of  the 
ignited  stones  being  thrown  above  the  highest  summit. 

These  erupted  stones  appear  black  in  the  day-time,  but  at  night  of  a 
deep  red  colour,  and  sparkle  like  fire-works.  Each  explosion  is  ac¬ 
companied  by  clouds  of  flame  or  smoke,  the  lower  part  black,  the 
upper  white  and  shining,  in  globular  and  irregular  forms.  In  high 
winds,  from  the  S.  or  SE.,  the  smoke  spreads  over  every  part  of  the 
island.  On  a  particular  night,  when  the  wind  blew  with  great  vio¬ 
lence,  the  clear  sky  resembled  a  beautiful  aurora  borealis,  over  that 
part  where  the  volcano  is  situated,  and  from  time  to  time  became 
more  red  and  brilliant,  as  the  ignited  stones  were  thrown  higher. 

The  present  crater  has  burned  more  than  a  century,  without  any 
apparent  change  of  situation.  In  rolling  down,  the  lava  raises  the 
fine  sand  like  a  cloud  of  dust.  While  this  was  observed  by  Spallan¬ 
zani,  the  volcano  suddenly  made  an  eruption.  Numerous  pieces  of 
dark  red  lava,  enveloped  in  smoke,  were  ejected  from  the  top  of  the 
precipice,  and  thrown  high  into  the  air.  A  part  fell  on  the  declivity, 
and  rolled  down,  the  smaller  preceded  by  the  greater;  and,  after  a 
few  bounds,  dashed  into  the  sea,  giving  out  a  sharp  hissing  sound. 

On  the  night  following,  the  volcano  raged  with  greater  violence,  and 
rapidly  hurled  very  high  thousands  of  red-hot  stones.  Those  which 
rolled  down  the  precipice  produced  a  hail  of  streaming  fire,  which 
illuminated  the  steep  descent.  Independent  of  these  ignited  stones, 
there  was  in  the  air,  over  the  volcano,  a  vivid  light,  not  extinguished 
when  that  was  at  rest.  It  was  not  properly  flame,  but  real  light, 
reverberated  by  the  atmosphere.  Besides  varying  in  intensity,  it  ap¬ 
peared  in  constant  motion,  ascending,  descending,  dilating,  and  con¬ 
tracting,  but  always  perpendicular  over  the  mouth  of  the  volcano, 
which  showed  that  its  cause  was  the  conflagration  within  the  crater. 
The  detonations  in  the  greater  eruptions  resembled  distant  thunder; 
in  the  more  moderate,  the  explosions  of  a  mine;  and  in  the  smallest, 
they  were  scarcely  audible.  Each  was  some  seconds  later  than  the 
ejection. 

Lipari,  which  has  given  name  to  the  whole  cluster, 
deserves  notice  for  its  celebrated  stoves,  the  only  ves¬ 
tiges  of  subterraneous  conflagration,  and  which  lie  west 
of  the  city,  on  the  summit  of  a  mountain  of  consider¬ 
able  elevation,  called  Monte  della  Stufe,  the  Mountain 
of  Stoves .  They  consist  of  5  excavations,  like  grot¬ 
toes  ;  2  have  been  abandoned  because  of  the  great  heat, 
which  might  cause  suffocation. 

Vulcano,  the  last  of  the  Lipari  isles,  bears  in  every 
part  the  mark  of  fire.  It  consists  of  a  mountain,  in  the 
form  of  a  truncated  cone;  merely  a  case,  exposing  a 
second  cone  within,  more  exact  than  the  other,  and  the 
mouth  of  the  volcano. 

Dolomieu  represents  the  crater  of  Vulcano  as  the  most  magnificent 
he  ever  sawr;  and  Spallanzani  observes,  that  except  that  of  Etna,  he 
does  not  know  any  more  capacious  and  majestic.  It  exceeds  a  mile 
in  circuit,  and  has  an  ova!  mouth,  while  its  depth  is  a  quarter  of  a 
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mile.  The  bottom  is  flat,  .and  from  many  places  streams  of  smoke 
exhale,  emitting  a  strong  sulphureous  vapour.  With  the  aid  of  a 
glass,  two  small  lakes,  supposed  to  be  filled  with  melted  sulphur,  have 
been  discovered.  The  declivity  of  the  interior  walls  is  so  great,  that 
even  When  there  is  no  danger  from  fire,  the  descent  is  next  to  impos¬ 
sible.  After  considerable  difficulty,  however,  this  was  accomplished 
by  Spallanzani.  He  found  the  bottom  of  an  oval  form,  more  than  oBe 
third  of  a  mile  in  circumference.  The  subterraneous  noise  was  here 
much  louder  than  on  the  summit,  sounding  like  an  impetuous  river 
foaming  beneath;  or,  rather,  like  a  conflict  of  agitated  waves,  meeting 
and  clashing  furiously  together. 

In  Iceland  is  an  immense  sulphur  mountain,  distant 
about  3  miles  from  Krisukif,  and  presenting-  a  remark¬ 
able  phenomenon,  that  of  a  caldron  of  mud. 

At  the  foot  of  the  mountain  is  a  small  bank,  composed  chiefly  of 
white  clay  and  sulphur,  from  every  part  of  which  steam  issues. 
This  mountain  has  often  been  ascended,  and  on  one  occasion  the 
party  having  ascended  this  bank,  a  ridge  presented  itself,  having  im- 
mediately  beneath  a  deep  hollow,  whence  arose  a  profusion  of  vapour, 
with  a  confused  noise  of  boiling  and  splashing,  while  steam  escapee! 
from  narrow  crevices  in  the  rock.  This  hollow,  and  the  whole  side  of 
the  mountain  opposite,  being  covered  with  sulphur  and  clay,  was  very 
hazardous  to  traverse.  The  vapour,  concealing  the  party  from  each 
other,  occasioned  much  uneasiness;  there  was  some  hazard  of  the  crust 
of  sulphur  breaking,  or  of  the  clay  sinking  beneath  their  feet:  and  the 
thermometer,  immersed  in  it  a  few  inches,  generally  rose  within  a  few 
degrees  of  the  boiling  point.  The  mud  was  in  constant  agitation,  and 
often  thrown  up  6  or  8  feet.  Near  this  spot  an  irregular  space,  filled 
with  water,  was  boiling  briskly.  At  the  foot  of  the  hill,  from  loose 
fragments  of  rock,  in  a  hollow  formed  by  a  bank  of  clay  and  sulphur, 
steam  rushed  with  great  force  and  noise.  In  ascending  the  mountain, 
says  the  narrator  of  this  expedition,  is  a  spring  of  cold  water,  little  to 
be  expected  in  such  a  place.  At  a  greater  elevation  is  a  ridge,  entirely 
of  sulphur  and  clay,  joining  two  summits  of  the  mountain.  The  smooth 
crust  of  sulphur  was  beautifully  crystallized;  and  beneath,  a  quantity 
of  loose  granular  sulphur  appeared  to  be  collecting  and  crystallizing, 
as  it  was  sublimed  along  with  the  steam. 

Beneath  the  ridge,  on  the  farther  side  of  this  great  bed  of  sulphur, 
much  vapour  escapes,  with  a  loud  noise.  Opposite  is  the  principal 
spring.  About  half  a  mile  of  the  side  of  the  mountain  was  covered 
with  loose  clay,  into  which  their  feet  sunk  at  every  step;  many  places 
having  a  thin  crust,  beneath  which  the  clay  was  wet,  and  extremely 
hot.  A  dense  column  of  steam,  mixed  with  a  small  portion  of  water, 
forces  its  way  through  a  crevice  in  the  rock,  at  the  head  of  a  narrow 
break  in  the  mountain,  with  such  violence  that  the  noise  might  often 
be  heard  several  miles. 

In  1783,  a  submarine  volcano  broke  out  near  Iceland,  which  formed 
a  new  island ;  it  raged  wifh  great  fury  for  several  months.  The  island 
afterwards  sunk,  leaving  only  a  reef  of  rocks.  In  December,  1720,  a 
violent  earthquake  was  felt  at  Tercera,  one  of  the  Azores;  the  next 
morning  a  new  island,  9  miles  in  circumference,  was  seen,  from  the 
centre  of  which  rose  a  column  of  smoke;  it  afterwards  sunk  to  a  level 
with  the  sea. 

Near  the  little  island  of  Santori,  in  the  Grecian  archipelago,  subma¬ 
rine  volcanos  have  repeatedly  burst  forth  during  the  last  2000  years, 
and  formed  several  new  islands:  three  of  the  ancient  eruptions  are  re¬ 
corded  by  Pliny,  Strabo,  and  Seqeca,  The  last  eruption  was  in  the 
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^ear  1767.  The  number  of  volcanos  has  been  estimated  at  near  200; 
but  they  may  be  supposed  greatly  to  exceed  this  estimate,  if  we  con¬ 
sider  those  volcanos  as  only  dormant,  and  not  extinct,  which  still  pre¬ 
sent  indications  of  subterranean  heat. 

In  the  Azores  there  are  no  less  than  42  active  or  dormant  volcanos; 
almost  all  the  islands  in  the  Atlantic,  and  many  in  the  Pacific  Ocean 
and  the  Indian  Seas  are  volcanic.  A  range  of  active  and  dormant  vol¬ 
canos  extends  from  the  southern  extremity  of  America  to  the  arctic 
circle.  Numerous  volcanos  exist  in  Iceland;  and  the  hot  sulphurous 
exhalations,  from  craters  in  various  parts  of  Italy,  prove  that  their 
internal  fires  are  not  extinguished. 

The  hot  springs  in  the  valley  of  Reikholt,  or  Reikiadel,  though  not 
the  most  magnificent,  are  perhaps  the  most  curious  among  the  numerous 
phenomena  of  this  sort  that  are  found  in  Iceland. 

1  Sir  George  Mackenzie,  in  his  Travels  in  Iceland,  says,  “  on  entering 
the  valley,  we  saw  numerous  columns  of  vapour  ascending  from  dif¬ 
ferent  parts  of  it.  The  first  springs  Ave  visited,  issued  from  a  number 
of  apertures  in  a  sort  of  platform  of  rock,  covered  by  a  thin  coating  of 
calcareous  incrustations.  From  several  of  the  apertures  the  water  rose 
with  great  force,  and  Avas  thrown  2  or  3  feet  into  the  air.  On  plunging 
the  thermometer  into  such  of  them  as  Ave  could  approach  with  safety, 
we  found  that  it  stood  at  212,J. 

A  little  farther  up  the  valley,  there  is  a  rock  in  the  middle  of  the 
river,  about  10  feet  high,  12  yards  long,  and  6  or  8  feet  in  breadth. 
From  the  highest  part  of  this  rock,  a  jet  of  boiling  water  proceeded 
with  violence.  The  water  Avas  dashed  to  the  height  of  several  feet. 
Near  the  middle,  and  not  more  than  2  feet  from  the  edge  of  the  rock, 
there  is  a  hole,  about  2  feet  in  diameter,  full  of  water,  boiling  strongly. 
There  is  a  third  hole  near  the  other  end  of  the  rock,  in  which  water 
also  boils  briskly.  At  the  time  we  saw  these  springs,  there  happened 
to  be  less  water  in  the  river  than  usual,  and  a  bank  of  gravel  was  left 
dry,  a  little  higher  up  than  the  rock.  From  this  bank  a  considerable 
quantity  of  boiling  water  issued. 

About  a  mile  farther  down,  at  the  foot  of  the  valley,  is  the  Tunga- 
hver,  an  assemblage  of  the  most  extraordinary  springs.  A  rock  rises 
from  the  bog,  about  20  feet,  and  is  about  50  yards  in  length.  Along 
the  face  of  the  rock  are  arranged  no  few  er  than  16  springs,  all  of  them 
boiling  furiously,  and  some  of  them  throwing  the  Avater  to  a  considerable 
height.  One  of  them,  however,  deserves  particular  notice.  On  ap¬ 
proaching  this  place,  we  observed  a  high  jet  of  Avater,  near  one  ex¬ 
tremity  of  the  rock.  Suddenly  this  jet  disappeared,  and  another, 
thicker,  but  not  so  high,  rose  within  a  very  short  distance  of  it.  At 
first  we  supposed  that  a  piece  of  the  rock  had  given  Avay,  and  that  the 
xvater  had  at  that  moment  found  a  more  convenient  passage.  We  ob¬ 
served  that  there  were  2  irregular  holes  in  the  rock,  within  a  yard  of 
each  other;  and  while  from  one  a  jet  proceeded  to  the  height  of  12  or 
14  feet,  the  other  was  full  of  boiling  water.  We  had  scarcely  made 
this  observation,  when  the  first  jet  began  to  subside,  and  the  water  in 
the  other  hole  to  rise ;  and  as  soon  as  the  first  had  entirely  sunk  down, 
the  other  attained  its  greatest  height,  which  was  about  5  feet.  In  this 
extraordinary  manner  these  two  jets  played  alternately.  The  smallest 
and  highest  jet  continued  about  4  minutes  and  a  half,  and  the  other 
about  3  minutes.  This  spring  may  be  distinguished  by  the  name  of 
the  ALTERNATING  GEYSER.” 

Nor  stops  the  restless  fluid,  mounting  still, 

Though  oft  amid  th’  ifriguous  vale  of  springs; 

But  to  the  mountain,  courted  by  the  sand, 

That  leads  it  darkling  on  in  faithful  maze* 


416 


NATURE  DISPLAYED. 


Far  from  the  parent-main,  it  boils  again 
Fresh  into  day  ;  and  all  the  glittering  hill 
Is  bright  with  spouting  rills. — — — 

The  drystal  treasures  of  the  liquid  world, 

Through  the  stirr’d  sands  a  bubbling  passage  burst? 

And  welling  out,  around  the  middle  steep, 

Or  from  the  bottoms  of  the  bosom’d  hills, 

In  pure  effusion  flow.  Thomson. 

Fell  Geyser  roar’d,  and  struggling  shook  the  ground; 

Pour’d  from  red  nostrils,  with  her  scalding  breath, 

A  boiling  deluge  o’er  the  blasted  heath; 

And,  wide  in  air,  in  misty  volumes  hurl’d, 

Contagious  atoms  o’er  the  alarmed  world.  Darwin. 

u  The  geysers  are  about  16  miles  to  the  north  of  Skalholt.  To  the 
eastward  of  Skalholt  are  several  hot  springs,  and  others  rise  among 
the  low  hills,  which  we  left  on  the  right  hand  in  going  to  the  geyser. 
Further  on,  we  found  some  cottages  at  the  foot  of  the  mountain ; 
round  which  we  turned,  and  came  in  sight  of  the  hill,  on  one  side 
©f  which  are  the  geysers.  This  hill,  which  does  not  exceed  300  feet 
in  height,  is  separated  from  the  mountain,  towards  the  west,  by  a 
narrowr  stripe  of  flat  boggy  ground,  connected  with  that  which  extends 
over  the  whole  valley. 

On  the  east  side  of  the  hill  there  are  several  banks  of  clay,  from 
gome  of  which  steam  arises,  in  different  places;  and  in  others  there  are 
cavities,  in  which  water  boils  briskly.  In  a  few  of  these  cavities  the 
Water,  by  being  mixed  with  clay,  is  thick,  and  varies  in  colour;  but  it 
Is  chiefly  red  and  grey.  Below  these  banks  there  is  a  gentle  and  uni¬ 
form  slope,  composed  of  matter  which,  at  some  distant  period,  has  been 
deposited  by  springs  that  no  longer  exist.  The  strata,  or  beds  thus 
formed,  seemed  to  have  been  broken  by  the  shocks  of  earthquakes, 
particularly  near  the  great  geyser.  Within  a  space  not  exceeding  a 
quarter  of  a  mile,  there  are  numerous  orifices  in  the  old  incrustations, 
from  which  boiling  water  and  steam  issue,  with  different  degrees  of 
force ;  and  at  the  northern  extremity  is  the  great  geyser,  sufficiently 
distinguishable  from  the  others  by  every  circumstance  connected  with 
it.  On  approaching  this  place,  it  appeared  that  a  mount  had  been 
formed  of  irregular,  rough-looking  depositions,  upon  the  ancient  regu¬ 
lar  strata,  whose  origin  has  been  similar.  The  slope  of  the  latter  has 
Caused  the  mount  to  spread  more  on  the  east  side,  and  the  recent  de¬ 
positions  of  the  water  may  be  traced  till  they  coincide  with  them.  On 
the  top  of  this  mount  is  a  basin,  which  we  found  to  extend  56  feet  in 
one  direction,  and  46  in  another. 

When  we  arrived  on  the  spot,  we  found  the  basin  full  of  hot  water, 
a  little  of  which  was  running  over.  We  next  went  to  examine  some 
other  places,  whence  we  saw  vapour  ascending.  Above  the  great 
geyser,  at  a  short  distance,  is  a  large  irregular  opening,  the  beauties  of 
which  it  is  hardly  possible  to  describe.  The  water  which  filled  it  was 
as  clear  as  crystal,  and  perfectly  still,  though  nearly  at  the  boiling- 
point.  Through  it  we  saw  white  incrustations,  forming  a  variety  of 
figures  and  cavities,  to  a  great  depth ;  and  carrying  the  eye  into  a  vast 
and  dark  abyss,  over  which  the  crust  supporting  us  formed  a  dome  of 
no  great  thickness. 

We  pitched  our  tent  at  the  distance  of  about  100  yards  from  the 
geyser,  and  arranged  matters  so  that  a  regular  watch  might  be  kept 
during  the  night.  About  10  minutes  before  12,  I  heard  subterraneous 
discharges,  and  waked  my  friends.  The  water  in  the  basin  was  greatly 
agitated,  and  flowed  over,  but  there  was  no  jet.  The  same  occurred 
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at  half-past  2.  At  5  minutes  past  4,  on  Saturday  morning,  an  alarm 
was  given.  I  instantly  drew  aside  the  canvas  next  the  door,  when  at 
a  distance  of  little  more  than  50  yards,  we  sawr  water  thrown  up,  and 
steam  issuing,  with  a  tremendous  noise.  There  was  little  water;  but 
the  force  with  which  the  steam  escaped,  produced  a  white  column  of 
spray  and  vapour,  at  least  60  feet  high. 

Following  the  channel,  which  has  been  formed  by  the  water  escaping 
from  the  great  basin  during  the  eruptions,  we  found  some  beautiful 
and  delicate  petrifactions.  The  leaves  of  birch  and  willow  were  seen 
converted  into  white  stone,  and  in  the  most  perfect  state  of  preserva¬ 
tion,  every  minute  fibre  being  entire.  Grass  and  rushes  were  in  the 
same  state,  and  also  masses  of  peat.  On  the  outside  of  the  mount  of 
the  geyser,  the  depositions,  owing  to  the  splashing  of  the  water,  are 
rough,  and  have  been  justly  compared  to  the  heads  of  cauliflowers. 
They  are  of  a  yellowish  brown  colour,  and  are  arranged  round  the 
mount,  somewhat  like  a  circular  flight  of  steps.  The  inside  of  the 
basin  is  comparatively  smooth;  and  the  matter  forming  it  is  more  com¬ 
pact  and  dense  than  the  exterior  crust;  and,  when  polished,  is  not 
devoid  of  beauty,  being  of  a  grey  colour,  mottled  with  black  and  white 
spots  and  streaks.  The  white  incrustation,  formed  by  the  water  of  the 
beautiful  cavity  before  described,  had  taken  a  very  curious  form  at 
the  edge  of  the  water,  very  much  resembling  the  capital  of  a  Gothic 
column.” 

Sir  George  Mackenzie  has  deduced  the  following' 
theory  of  the  geysers,  which  was  formed  on  the  spot 

“  Were  the  appearances  regular  in  duration,  and  the  intervals  be¬ 
tween  the  jets  always  equal,  it  would  not  be  difficult  to  construct  an 
apparatus  which  would  exhibit  them  with  precision;  but  in  both  re¬ 
spects,  as  w  ell  as  in  the  degree  of  violence,  there  is  great  irregularity. 
From  whatever  source  the  heat  proceeds,  whether  from  the  combustion 
of  beds  of  coal,  the  decomposition  of  pyrites,  or  any  other  cause,  there 
can  be  no  hesitation  in  granting  the  possibility  of  a  greater  quantity  of 
heat  being  evolved  at  one  time  than  at  another;  or  of  the  heat  re¬ 
maining  steady  at  intervals.  It  is  not  merely  possible,  but  very  pro¬ 
bable,  that  the  wonders  of  the  geysers  are  caused  by  sudden  produc¬ 
tions  of  heat.  By  such  a  supposition  they  may  easily  be  explained* 
by  help  of  an  extremely  simple  apparatus;  but,  without  it,  a  very 
complicated  system  of  pipes  and  cavities,  and  perhaps,  too,  of  valves, 
will  be  necessary. 

A  column  of  w  ater  is  suspended  in  a  pipe,  by  the  expansive  force  of 
steam,  confined  in  cavities  under  the  surface.  An  additional  quantity 
of  steam  can  only  be  produced  by  more  heat  being  evolved.  When 
heat  is  suddenly  evolved,  and  elastic  vapour  suddenly  produced,  we 
can  at  once  account  for  explosions,  accompanied  by  noises.  The  ac¬ 
cumulation  of  steam  will  cause  agitation  in  the  column  of  water,  and 
a  farther  production  of  vapour.  The  pressure  of  the  column  will  be 
overcome,  and  the  steam  escaping  will  force  the  water  upwards  along 
with  it. 

As  long  as  the  extraordinary  supply  of  steam  continues,  these  oscil¬ 
lations  and  jets  will  go  on.  But  at  every  jet  some  of  the  water  is 
thrown  over  the  basin,  and  a  considerable  quantity  runs  out  of  it.  The 
pressure  is  thus  diminished ;  the  steam  plays  more  and  more  power¬ 
fully,  till  at  last  a  forcible  jet  takes  place,  a  prodigious  quantity  of 
steam  escapes,  and  the  remaining  water  sinks  into  the  pipe. 

Another  way  of  accounting  for  the  operations  of  these  extraordinary 
fountains,  w  hich  appears  equally  plausible  with  what  has  been  stated, 
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has  been  suggested.  It  requires  the  existence  of  a  strongly  heated 
surface,  free  from  water;  and  also,  that  of  a  small  subterraneous 
fountain,  operating  like  the  little  geyser  we  have  described,  expelling 
its  water  occasionally,  so  that  it  flows  over  the  heated  surface,  by  which 
means  an  additional  quantity  of  steam  may  be  temporarily  produced. 
But  this  explanation  is  perhaps  more  deficient  than  the  other;  for  if  we 
suppose  the  water,  which  is  to  be  suddenly  converted  into  elastic 
vapour,  to  be  furnished  from  a  small  subterraneous  fountain,  the  opera¬ 
tions  of  that  fountain  must  be  explained,  and  the  same  difficulties,  that 
remain  to  be  overcome  in  the  case  of  the  geyaer,  meet  us  in  this;  as 
they  must  also  do  in  whatever  mode  we  may  suppose  water  to  be 
supplied.” 

Of  the  volcanos  in  northern  Asia,  or  the  interior  of 
Africa,  we  have  little  information,  and  the  volcanos 
covered  by  the  sea  cannot  be  estimated;  but  from  the 
above  statement,  we  are  authorized  in  believing,  that 
volcanic  fires  are  more  extensively  operative  on  the 
surface  of  the  globe,  than  many  geologists  are  disposed 
to  admit.  Their  source  is  deep  under  the  surface  of 
the  earth,  and  many  circumstances  indicate  that  a  con¬ 
nexion  exists  between  volcanos  at  a  vast  distance 
from  each  other. 

In  1783,  when  the  submarine  volcano  near  Iceland 
suddenly  ceased,  a  volcano  broke  out  200  miles  distant, 
in  the  interior  of  the  island,  and  at  the  same  time  the 
great  earthquakes  took  place  in  Calabria.  On  the 
night  in  which  Lima  and  Callao  were  destroyed  by  an 
earthquake,  4  new  volcanos  broke  out  in  the  Andes. 

N  Other  instances  of  the  apparent  connexion  of  earth¬ 
quakes  with  distant  volcanos  have  been  before  stated. 
Were  the  source  of  volcanic  fires  near  the  surface,  the 
country  in  their  vicinity  would  sink  down;  and  it  is 
impossible  to  conceive  how  the  same  volcano  could 
continue  its  eruptions  incessantly,  for  more  than  2000 
years.  Fragments  of  rocks,  such  as  lime  and  gypsum, 
are  thrown  out  of  volcanos  unchanged  by  fire,  which 
proves  that  the  source  of  heat  was  far  below  the  range 
of  these  rocks;  they  have  been  merely  driven  up  by 
the  subterranean  explosion,  which  forced  a  passage 
through  them. 

From  the  various  phenomena  which  volcanos  pre¬ 
sent,  we  may  with  probability  infer,  that  the  internal 
part  of  our  planet  is  in  an  igneous  state,  however  diffi¬ 
cult  it  may  be  to  explain  in  what  manner  this  heat  is 
generated  and  confined.  Had  all  the  volcanos  in  the 
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world  been  dormant  for  the  last  2000  years,  and  were 
we  only  acquainted  with  their  existence  by  the  writings 
of  ancient  historians,  we  should  discredit  the  fact,  and 
prove  its  impossibility  by  an  appeal  to  established  che¬ 
mical  principles:  we  should  further  accompany  the 
proof  with  a  pathetic  lamentation  over  the  credulity  of 
former  times. 

The  descent  of  stones  from  the  atmosphere  was  de¬ 
nied  during  a  longer  period  though  the  fact  is  now 
established  beyond  all  doubt.  Admitting  the  existence 
of  central  fire  in  the  earth,  it  is  not  difficult  to  conceive 
that  there  may  be  determinate  causes  by  which  its  in¬ 
tensity  is  increased  or  diminished  at  certain  periods. 
We  know  little  respecting  the  operation  of  electric  or 
voltaic  energy,  in  the  laboratory  of  nature;  but  from 
the  existence  of  electric  light  at  the  poles,  we  may  in¬ 
fer  that  electric  currents  are  passing  through  the  ducts 
which  are  found  in  the  craters  of  volcanos.  Sulphur¬ 
eous  and  sulphuric  acids  are  formed  by  the  combustion 
of  sulphur  during  eruptions;  these  act  upon  lavas  and 
rocks,  and  produce  different  combinations,  of  which  the 
most  important  are  alum,  sulphate  of  magnesia,  gyp¬ 
sum,  and  green  copperas.  Hydrogen  and  sulphuretted 
hydrogen  are  emitted  from  volcanos  in  vast  quantities. 
Whether  phosphorus  be  a  product  of  volcanos  is  un¬ 
known:  its  extreme  inflammability  prevents  it  from 
being  discovered  in  a  concrete  form;  but  the  dense 
white  clouds,  resembling  bales  of  cotton,  which  some¬ 
times  cover  Vesuvius,  resemble  the  fumes  produced  by 
the  combustion  of  phosphorus.  Among  the  products 
of  volcanos,  we  find  only  three  substances  which  are. 
combustible  in  the  atmosphere;  sulphur,  hydrogen,  and  a 
small  portion  of  carbon;  but  it  has  been  conjectured  by 
Sir  H.  Davy  that  the  earths  and  alkalis,  which  form 
lavas*  exist  in  the  centre  of  the  globe  in  a  metallic 
state,  and  take  fire  by  the  access  of  water.  This  pro- 
petty  of  the  newly-discovered  metals,  to  inflame  in¬ 
stantly  on  the  access  of  water,  by  which  they  are  con¬ 
verted  into  earths  or  alkalis,  offers  an  easy  explanation 
of  the  origin  of  volcanic  fires,  could  we  suppose  that 
substances  so  extremely  inflammable  and  oxydable 
have  remained  for  ages  in  a  metallic  state.  There 
may,  however,  be  processes,  in  the  vast  laboratory  of 
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the  globe,  that  constantly  separate  the  earths  from  oxy¬ 
gen,  and  prepare  them  for  the  support  of  volcanic  fires, 
by  which  they  are  thrown  upon  the  surface,  and  a  con¬ 
nexion  is  established  between  the  internal  and  external 
parts  of  the  planet. 

The  force  with  which  all  volcanic  products  are 
thrown  is  astonishing.  In  the  year  1769,  a  stone,  12 
feet  high,  and  4  in  circumference,  was  thrown  to  the 
distance  of  a  quarter  of  a  mile  from  the  crater;  and  in 
the  year  1771,  Sir  William  Hamilton  observed  stones 
of  an  enormous  size,  which  employed  11  seconds  in 
falling.  This  indicates  an  elevation  of  near  2000  feet. 
The  eruption  of  volcanos  is  frequently  aqueous;  the 
water,  which  is  confined,  and  favours  the  decomposition 
of  the  pyrites,  is  sometimes  strongly  thrown  out.  Sea- 
salt  is  found  among  the  ejected  matter,  and  likewise 
sal  ammoniac.  In  the  year  1630,  a  torrent  of  boiling 
water,  mixed  with  lava,  destoyed  Portici  and  Torre  del 
Oreco.  Sir  W.  Hamilton  saw  boiling  water  ejected. 
The  springs  of  boiling  water  in  Iceland,  and  all  the  hot 
springs  which  abound  at  the  surface  of  the  globe,  owe 
their  heat  only  to  the  decomposition  of  pyrites. 

The  eruption  which  buried  Herculaneum  is  of  the 
same  kind  as  the  Mud  Volcano,  in  Java.  Sir  W. 
Hamilton  found  an  antique  head,  the  impression  of 
which  was  well  enough  preserved  to  answer  the  pur¬ 
pose  of  a  mould.  Herculaneum,  at  the  least  depth,  is 
70  feet  under  the  surface  of  the  ground,  and  in  many 
places  120. 

The  puzzolano  is  of  various  colours.  It  is  usually  reddish,  some¬ 
times  grey,  white,  or  green.  It  frequently  consists  of  pumice-stone,  in 
powder,  but  sometimes  it  is  formed  of  oxided  clay.  One  hundred 
parts  of  red  puzzolano  afforded  Bergmann,  silex  55,  alumina  20,  lime 
5,  iron  20.  When  the  lava  is  once  thrown  out  of  the  crater,  it  rolls  in 
large  rivers  down  the  side  of  the  mountain  to  a  certain  distance,  which 
form  the  currents  of  lava,  the  volcanic  causeways,  &c.  The  surface 
of  the  lava  cools,  and  forms  a  solid  crust,  under  which  the  liquid  lava 
flows.  After  the  eruption,  this  crust  sometimes  remains,  and  forms 
hollow  galleries,  which  Messrs.  Hamilton  and  Ferber  have  visited;  it 
is  in  these  hollow  places  that  the  sal  ammoniac,  the  muriate  of  soda, 
and  other  substances,  sublime.  A  lava  may  be  turned  out  of  its 
course  by  opposing  banks  or  dykes  against  it;  this  was  done  in  1669, 
to  save  Catania;  and  Sir  William  Hamilton  proposed  it  to  the  King 
of  Naples,  to  preserve  Portici.  The  currents  of  lava  sometimes  re¬ 
main  several  years  in  cooling.  Sir  William  Hamilton  observed,  in 
1769,  that  the  lava  which  flowed  in  1766  was  still  smoking,  in  some 
places. 
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Lava  is  sometimes  swelled  up  and  porous*.  The 
lightest  is  called  pumice-stone.  The  substances  thrown 
out  by  volcanos  are  not  altered  by  fire.  They  eject 
native  substances,  such  as  quartz,  crystals  of  amethyst, 
agate,  gypsum,  amianthus,  felspar,  mica,  shells,  schorl, 
&c.  The  fire  of  volcanos  is  seldom  strong  enough  to 
vitrify  the  matters  it  throws  out.  The  slow  operation 
of  time  decomposes  lavas,  and  their  remains  are  very 
proper  for  vegetation.  The  fertile  island  of  Sicily  has 
been  every  where  volcanized.  Chaptal  observed  se¬ 
veral  ancient  volcanos  at  present  cultivated;  and  the 
line  which  separates  the  other  earth  from  the  volcanic 
earth,  constitutes  the  limit  of  vegetation. 

The  ground  over  the  ruins  of  Pompeii  is  highly  cultivated.  Sir 
William  Hamilton  considers  subterranean  fires  as  the  great  vehicle 
used  by  Nature  to  extract  virgin  earth  out  of  the  bowels  of  the  globe, 
and  repair  the  exhausted  surface.  The  decomposition  of  lava  is  very 
slow.  Strata  of  vegetable  earth,  and  pure  lava,  are  occasionally 
found  applied  one  over  the  other;  which  denote  eruptions  made  at 
distances  of  time  very  remote  from  each  other,  since  in  some  in¬ 
stances  it  appears  to  have  required  nearly  2000  years  before  lava 
was  fit  to  receive  the  plough.  In  this  respect,  however,  lavas  differ 
veiy  widely,  so  that  our  reasoning  from  them  must  at  best  be  very 
vague. 

Besides  the  convulsions  of  Nature  displayed  in  vol¬ 
canos  already  noticed,  other  operations  are  carried  on 
below  the  fathomless  depths  of  the  sea,  the  nature  of 
which  can  only  be  conjectured  by  the  effects  produced. 
Nor  is  it  more  astonishing  that  inflammable  substances 
should  be  found  beneath  the  bottom  of  the  sea,  than  at 
similar  depths  on  land,  and  that  there  also  the  impe¬ 
tuous  force  of  fire  should  cause  the  imprisoned  air  and 
elastic  gases  to  expand;  and,  by  its  mighty  force, 
should  drive  the  earth  at  the  bottom  of  the  sea  above 
its  surface.  These  marine  volcanos  are  perhaps  more 


*  Several  chemists  have  analyzed  the  lava  of  the  last  eruption  ot 
Vesuvius,  and  M.  Pepe  has  discovered  in  it  the  following  ingredients: 
sulphate  of  potash,  sulphate  of  soda,  sub-sulphate  of  alumine,  of 
chalk,  and  of  magnesia;  hydro-chlorate  of  potash,  that  of  soda,  a  good 
deal  of  oxide  of  aluminium,  calcium,  silicium,  and  magnesium;  much 
trioxide  of  iron,  antimony,  and  a  little  gold  and  silver.  Other  sub¬ 
stances,  which  the  mountain  continues  to  throw  out,  are  very  different 
from  the  preceding.  This  eruption  appears  to  favour  the  hypothesis 
that  the  volcanic  fire  may  be  produced  by  the  infiltration  ot  the  sea¬ 
water,  in  the  masses  of  potassium,  sodium,  &c.  which  are  not  yet 
oxidated;  and  the  production  of  electrical  fluid  in  such  great  abun¬ 
dance  may  arise  from  the  same  source,  since  the  effects  of  the  voltaic 
pile  ( auge )  are  obtained  by  the  oxidation  of  metals. 
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frequent,  though  they  do  not  so  often  come  within  the 
reach  of  human  observation,  than  those  on  land;  and 
stupendous  must  be  the  operations  carried  on,  when 
matter  is  thrown  up  to  an  extent  which  the  ingenuity 
of  man  does  not  enable  him  to  reach  by  fathoming. 

Many  instances  have  occurred,  as  well  in  ancient  as 
in  modern  times,  of  islands  having  been  formed  in  the 
midst  of  the  sea;  and  their  sudden  appearance  has  con¬ 
stantly  been  preceded  by  violent  agitations  of  the  sur¬ 
rounding  waters,  accompanied  by  dreadful  noises,  and, 
in  some  instances,  by  fiery  eruptions  from  the  newly- 
formed  isles,  which  are  composed  of  various  substances, 
frequently  intermixed  with  a  considerable  quantity  of 
volcanic  lava.  Such  islands  remain  for  ages  barren, 
but  in  a  long  course  of  time  become  abundantly  fruit¬ 
ful.  It  is  a  matter  of  curious  inquiry,  whether  springs 
are  found  on  such  newly  created  spots,  when  the  con¬ 
vulsions  which  gave  them  birth  have  subsided. 

Seneca  asserts,  that,  in  his  time,  the  island  of  The- 
rasea,  in  the  Egean  sea,  was  seen  to  rise  in  this  man¬ 
ner,  by  several  mariners  who  were  sailing  near  the 
point  of  its  ascent.  Pliny’s  relation  is  still  more  extra¬ 
ordinary;  for  he  says,  that  in  the  Mediterranean,  13 
islands  emerged  at  once  from  the  sea. 

The  Grecian  Archipelago  and  the  Azores  are  the  grandest  and  most 
surprising  instances  of  this  phenomenon.  The  island  of  Acroteri  ap¬ 
pears  to  have  its  surface  composed  of  pumice-stone,  encrusted  by  a 
surface  Of  fertile  earth;  and  it  is  represented  by  the  ancients  as 
having  risen,  during  a  violent  earthquake,  from  the  sea.  Four  neigh¬ 
bouring  islands  are  described  as  having  had  a  similar  origin,  notwith¬ 
standing  the  sea  is  in  that  part  of  the  Archipelago  of  such  a  depth  as 
to  be  Unfathomable  by  any  sounding-line.  These  arose  at  different 
times:  the  first,  long  before  the  commencement  of  the  Christian  era; 
the  second  in  the  first  centurv;  the  third  in  the  eighth;  and  the  fourth 
in  1573. 

On  the  22d  of  May,  1707,  a  severe  earthquake  was  felt  at  Stanchio, 
an  island  of  the  Archipelago;  and  on  the  ensuing  morning,  a  party  of 
seamen,  discovering  not  far  oft'  what  they  believed  to  be  a  wreck,  ra¬ 
pidly  rowed  towards  it;  but  finding  rocks  and  earth  instead  of  the 
remains  of  a  ship,  hastened  back,  and  spread  the  news  of  what  they 
had  seen,  in  Santorini,  another  of  these  islands.  .However  great  the 
apprehensions  of  the  inhabitants  were  at  first  sight,  their  surprise  soon 
abated,  and  in  a  few  days,  seeing  no  appearance  of  fire  or  smoke, 
some  of  them  ventured  to  land  on  the  new  island.  Their  curiosity  led 
them  from  rock  to  rock,  where  they  found  a  kind  of  white  stone, 
which  yielded  to  the  knife  like  bread,  and  nearly  resembled  that  sub¬ 
stance  in  colour  and  consistence.  They  also  found  many  oysters 
Sticking  to  the  rocks;  but  while  they  were  employed  in  collecting 
them,  the  island  mov«d  and  shook  under  their  feet,  on  which  they  ran 
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•with  precipitation  to  their  boats.  Amid  these  motions  and  tremblings 
the  island  increased,  not  only  in  height,  but  in  length  and  breadth: 
still,  occasionally,  while  it  was  raised  and  extended  on  the  one  side, 
it  sunk  and  diminished  on  the  other. 

The  narrator  of  this  last  fact  observed  a  rock  to  rise  out  of  the  sea, 
40  or  50  paces  from  the  island,  which,  having  been  thus  visible  for  4 
days,  sunk,  and  appeared  no  more:  several  others  appeared  and  dis¬ 
appeared  alternately,  till  at  length  they  remained  fixed  and  unmoved. 
In  the  mean  time  the  colour  of  the  surrounding  sea  was  changed:  at 
first  it  was  of  a  light  green,  then  reddish,  and  afterwards  of  a  pale 
yellow,  accompanied  by  a  noisome  stench  which  spread  itself  over 
a  part  of  the  island  of  Santorini.  On  the  16th  of  July  smoke  first  ap¬ 
peared,  not  indeed  on  the  island,  but  issuing  from  a  ridge  of  black 
stones  which  suddenly  rose  about  60  paces  from  it,  where  the  depth 
of  the  sea  was  unfathomable.  Thus  there  were  2  separate  islands, 
one  called  the  White,  and  the  other  the  Black  Island,  from  the  differ- 
ent  appearances  they  exhibited.  This  thick  smoke  was  of  a  whitish 
colour,  like  that  of  a  lime-kiln,  and  was  carried  by  the  wind  to  Santo¬ 
rini,  where  it  penetrated  the  houses  of  the  inhabitants.  On  the  31st 
of  July  the  sea  smoked  and  bubbled  in  two  different  places  near  the 
island,  where  the  water  formed  a  perfect  circle,  and  looked  like  oil 
when  beginning  to  simmer.  This  continued  above  a  month,  during 
which  time  many  fishes  were  found  dead  on  the  shore  of  Santorini. 
On  the  following  night  a  dull  hollow  noise  was  heard,  like  the  distant 
report  of  several  cannon,  which  was  instantly  followed  by  flames  of 
fire,  shooting  up  to  a  great  height  in  the  air,  where  they  suddenly  dis¬ 
appeared.  On  the  7th  of  August  a  noise  was  heard,  resembling  that 
of  large  stones  thrown,  at  very  short  intervals,  into  a  deep  well.  This 
noise,  having  lasted  for  some  days,  was  succeeded  by  another  much 
louder.  On  the  21st  the  fire  and  smoke  were  very  considerably  di¬ 
minished;  but  the  next  morning  they  broke  out  with  still  greater  fury 
than  before.  At  night,  by  the  means  of  a  telescope,  60  small  openings 
or  funnels,  all  emitting  a  very  bright  flame,  were  discovered  on  the 
highest  part  of  the  island,  conjointly  resembling  a  large  furnace;  and 
on  the  other  side  of  the  great  volcano  there  appeared  to  be  as  many. 
On  the  morning  of  the  23d,  the  island  was  much  higher  than  on  the 
preceding  day,  and  its  breadth  increased  by  a  chain  of  rocks  which 
had  sprung  up  in  the  night  nearly  50  feet  above  the  water.  On  the 
5th  of  September,  the  fire  opened  another  vent  at  the  extremity  of  the 
Black  Island,  from  which  it  issued  for  several  days.  The  following 
night  the  sub-aqueous  fire  made  a  terrible  noise,  and  immediately 
after  a  thousand  sheaves  of  fire  darted  into  the  air,  where  breaking 
and  dispersing,  they  fell  like  a  shower  of  stars  on  the  island,  which 
appeared  in  a  blaze.  To  these  natural  fireworks  succeeded  a  meteor, 
which  for  some  time  hung  over  the  castle  of  Scaro,  and  which  re¬ 
sembled  a  flaming  sword.  On  the  9th  of  September,  the  White  and 
Black  Islands  united ;  after  which  the  western  end  of  the  island  grew 
daily  in  bulk.  There  were  now  4  openings  only  which  emitted 
flames:  these  issued  forth  with  great  impetuosity,  sometimes  attended 
i  with  a  noise  like  that  of  a  large  organ-pipe,  and  sometimes  like  the 
howling  of  wild  beasts.  On  the  12th  the  subterraneous  noise  was 
much  augmented.  On  the  18th  of  September  an  earthquake  was  felt 
at  Santorini.  The  claps  were  also  more  terrible  than  ever;  and  in 
the  midst  of  a  thick  smoke,  which  appeared  like  a  mountain,  large 
|  pieces  of  rock,  which  afterwards  fell  on  the  island,  or  imo  the  sea, 
j  were  thrown  up  with  as  much  noise  and  force  as  balls  from  the  mouth 
i  of  a  cannon.  One  of  the  small  neighbouring  islands  was  covered  with 
i  these  fiery  stones,  which  being  thinly  crusted  over  with  sulphur,  gave 
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a  bright  light,  and  continued  burning  until  that  was  consumed.  On 
the  21st,  a  dreadful  clap  of  subterraneous  thunder  was  followed  by 
very  powerful  lightnings,  and  at  the  same  instant  the  new  island  was 
so  violently  shaken,  that  part  of  the  great  furnace  fell  down,  and 
huge  burning  rocks  were  thrown  to  the  distance  of  2  miles  and  up¬ 
wards.  All  was  quiet  for  several  days  after:  but  on  the  25th,  the  fire 
broke  out  again  with  still  greater  fury.  The  volcano  continued  to 
rage  during  the  remaining  part  of  the  year;  and  in  the  month  of  Ja¬ 
nuary,  1708,  the  large  furnace,  w  ithout  one  day’s  intermission,  threw 
out  stones  and  flames,  at  least  once  or  twice,  but  generally  5  or  6 
times  a  day.  On  the  10th  of  February,  in  the  morning,  a  pretty 
strong  earthquake  was  felt  at  Santorini.  The  15th  of  April  was  ren¬ 
dered  memorable  by  the  number  and  violence  of  the  bellowings  and 
eruptions,  by  one  of  which  nearly  100  stones  wrere  thrown  at  the 
same  instant  into  the  air,  and  fell  again  into  the  sea  at  about  2  miles 
distant.  From  that  day,  until  the  22d  of  May,  which  may  be  con¬ 
sidered  as  the  anniversary  of  the  birth  of  the  new  island,  things  con¬ 
tinued  much  in  the  same  state,  but  afterwards  the  fire  and  smoke  sub¬ 
sided  by  degrees,  and  the  subterraneous  thunders  became  less  terri¬ 
ble.  From  July  15,  until  the  15th  of  August,  the  fire,  smoke,  and 
noises  continued.  The  most  recent  account  is  that  of  a  traveller,  who, 
in  1811,  passed  this  island  at  some  distance.  It  appeared  to  him  like 
a  stupendous  mass  of  rock,  but  was  not  inhabited  or  cultivated.  It 
had  then  long  ceased  to  burn, 

Similar  eruptions  of  islands  have  occurred  in  tne 
group  of  the  Azores.  Thus,  in  December,  1720,  a 
violent  earthquake  was  felt  on  the  island  of  Tercera. 
On  the  following  morning'  a  new  island,  which  had 
sprung  up  in  the  night,  made  its  appearance,  and 
ejected  a  huge  column  of  smoke.  This  island  was 
larger  on  its  first  appearance  than  at  some  distance  of 
time  afterwards;  it  at  length  sunk  beneath  the  level  of 
the  sea,  and  is  now  no  longer  visible. 

1  In  the  Transactions  of  the  Royal  Society,  for  the 
year  3812,  Captain  Tillard  has  published  the  following 
very  interesting  narrative  of  a  similar  phenomenon, 
which  occurred  in  the  same  sea,  near  the  Azores. 

“  Approaching  the  island  of  St.  Michael’s,  on  Sunday,  the  12th  of 
June,  1811,  in  the  Sloop  Sabrina,”  says  he,  “  under  my  command,  we 
occasionally  observed,  rising  in  the  horizon,  2  or  3  columns  of  smoke, 
such  as  would  have  been  occasioned  by  an  action  between  2  ships,  to 
which  cause  we  universally  attributed  its  origin.  Having,  however, 
heard,  prior  to  our  sailing  from  Lisbon,  that  in  the  preceding  January 
or  February  a  volcano  had  burst  out  w  ithin  the  sea  near  St.  Michael’s, 
we  immediately  concluded  that  the  smoke  we  saw  proceeded  from 
that  cause,  and,  on  our  anchoring  the  next  morning  in  the  road  of 
Ponta  del  Gada,  we  found  this  conjecture  correct  as  to  the  cause,  but 
not  as  to  the  time ;  the  eruption  of  January  having  totally  subsided,  and 
the  present  one  having  burst  forth  only  2  dajs  prior  to  our  approach,  and 
about  3  miles  distant  from  the  one  before  alluded  to. — Desirous  of  exa¬ 
mining  as  minutely  as  possible  a  contention  so  extraordinary  between 
two  such  pow  erful  elements,  I  set  off  from  the  city  of  Ponta  del  Gaclu 
ou  the  morning  of  the  14th.  After  riding  about  20  miles  across  tire 
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borth-west  end  of  the  island  of  St.  Michael’s,  we  came  to  the  edge  of 
a  cliff,  whence  the  volcano  burst  suddenly  upon  our  view  in  the  most 
terrific  and  awful  grandeur.  It  was  only  a  short  mile  from  the  base 
of  the  cliff,  which  was  nearly  perpendicular,  and  formed  the  margin 
of  the  sea.  Imagine  an  immense  body  of  smoke  rising  from  the  sea, 
the  surface  of  which  was  marked  by  the  silvery  rippling  of  the  waves, 
occasioned  by  the  light  and  steady  breezes  incidental  to  those  climates 
In  summer.  In  a  quiescent  state,  it  had  the  appearance  of  a  circular 
cloud  revolving  on  the  water  like  an  horizontal  wheel,  in  various  and 
irregular  involutions,  expanding  itself  gradually  on  the  lee  side, 
when  suddenly  a  column  of  the  blackest  cinders,  ashes,  and  stones 
would  shoot  up  in  the  form  of  a  spire,  at  an  angle  of  from  10  to  20 
degrees  from  a  perpendicular  line,  the  angle  of  inclination  being  uni¬ 
versally  to  windward;  this  was  rapidly  succeeded  by  a  second,  third, 
and  fourth  shower,  each  acquiring  greater  velocity,  and  overtopping 
the  other,  till  they  had  attained  an  altitude  as  much  above  the  level  of 
our  eye,  as  the  sea  was  below  it.  As  the  impetus  with  which  the  columns 
were  severally  propelled,  diminished,  and  their  ascending  motion  had 
nearly  ceased,  they  broke  into  various  branches  resembling  a  group 
of  pines!  these  again  forming  themselves  iuto  festoons  of  white  fea¬ 
thery  smoke,  in  the  most  fanciful  manner  imaginable,  intermixed  with 
the  finest  particles  of  falling  ashes,  which  at  one  time  assumed  the  appear¬ 
ance  of  innumerable  plumes  of  black  and  white  ostrich  feathers  surmount¬ 
ing  each  other;  at  another,  that  of  the  light  wavy  branches  of  a  weeping 
w  illow.  During  these  bursts,  the  most  vivid  flashes  of  lightning  conti¬ 
nually  issued  from  the  densest  part  of  the  volcano;  and  the  cloud  of  smoke, 
nowr  ascending  to  an  altitude  much  above  the  highest  point  to  which 
the  ashes  were  projected,  rolled  off  in  large  masses  of  fleecy  clouds, 
gradually  expanding  themselves  before  the  wind,  in  a  direction  nearly 
horizontal,  and  draw  ing  up  to  them  a  quantity  of  water-spouts,  which 
formed  a  most  beautiful  and  striking  addition  to  the  general  appear¬ 
ance  of  the  scene.  In  less  than  half  an  hour  a  peak  was  plainly 
visible  above  the  water,  and  about  3  hours  from  the  time  of  our 
i  arrival  a  complete  crater  was  formed  above  the  water,  not  less  than 
I  20  feet  high  on  the  side  where  the  greatest  quantity  of  ashes  fell ;  the 
diameter  of  the  crater  being  apparently  about  400  or  500  feet.  The 
great  eruptions  were  generally  attended  with  a  noise  like  the  con¬ 
tinued  firing  of  cannon  and  musketry  intermixed,  as  also  with  slight 
shocks  of  earthquakes.  Nowr  one  of  the  most  magnificent  bursts  took 
place  which  we  had  yet  witnessed,  accompanied  by  a  very  severe 
shock  of  an  earthquake.  In  an  instant  we  observed  a  large  portion 
!  of  the  face  of  the  cliff,  about  50  yards  on  our  left,  falling,  which  it 
did  with  a  violent  crash.  At  night  the  volcano  seldom  emitted  any 
lightning,  but  occasionally  as  much  flame  as  may  be  seen  to  issue 
from  the  top  of  a  glass-house  or  foundery  chimney.  On  passing  di¬ 
rectly  under  the  great  cloud  of  smoke,  about  3  or  4  miles  distant  from 
I  the  volcano,  the  decks  of  the  ship  were  covered  with  fine  black  ashes, 
which  fell  intermixed  with  small  rain.  On  opening  the  volcano  clear 
of  the  north-west  part  of  the  island  after  dark,  on  the  16th,  we  wit* 
j  nessed  1  or  2  eruptions.  On  the  4th  of  July,  we  approached  the  vol- 
i  cano,  and  perceived  that  it  was  still  smoking  in  many  parts,  and, 
upon  our  reaching  the  island,  found  the  surf  on  the  beach  very  high. 

\  On  landing,  we  found  a  narrow  beach  of  black  ashes,  from  which  the 
i  side  of  the  island  rose  in  general  too  steep  to  admit  of  our  ascending; 
i  and  where  we  could  have  clambered  up,  the  mass  of  matter  was  mudh 
too  hot  to  allow  of  our  proceeding  more  than  a  few  yards  in  the  as- 
|  cent.  The  most  extraordinary  part  was  the  crater,  the  mouth  of 
which,  on  the  side  facing  St.  Michael’s,  was  nearly  level  with  the 
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sea.  It  Was  filled  with  w’ater,  at  that  time  boiling,  and  was  empty® 
ing  itself  into  the  sea  by  a  small  stream  about  6  yards  over,  and  by 
which  I  should  suppose  it  was  continually  filled  again  at  high  water. 
Within  the  crater  I  found  the  complete  skeleton  of  a  guard-fish,  the 
bones  of  which,  being  perfectly  burnt,  fell  to  pieces  upon  attempting 
to  take  them  up  *  and  by  the  account  of  the  inhabitants  on  the  coast  of  St. 
INI  ichael  s,  great  numbers  of  fish  had  been  destroyed  during  the  early  part 
of  the  eruption,  as  large  quantities,  probably  suffocated  or  poisoned, 
were  occasionally  found  drifted  into  the  small  inlets  or  bays.  This  island, 
like  other  volcanic  productions,  is  composed  principally  of  porous 
substances,  generally  burned  to  complete  cinders,  with  occasional 

masses  of  a  stone,  which  I  should  suppose  to  be  a  mixture  of  iron  and 
&  une  stone. 

Sabrina  Island  has  gradually  disappeared  since  the  month  of  Oc¬ 
tober,  1811,  leaving  an  extensive  shoal.  Smoke  was  discovered  still 
issuing  out  of  the  sea  in  the  month  of  February,  1812,  near  the  spot 
where  this  wonderful  phenomenon  appeared.” 

In  one  province  of  Persia,  for  some  extent,  the 
giound  seems  impregnated  with  inflammable  vapours. 
A  feed  stuck  in  the  ground,  continues  to  burn  like  a 
flambeau;  a  hole  made  under  the  surface  instantly  be¬ 
comes  a  furnace,  answering  all  the  purposes  of  a  culi¬ 
nary  fire;  and  the  inhabitants  make  lime  by  merely  bu¬ 
rying  the  stones  in  the  earth. 

Captain  Beaufort,  while  surveying  Karamania,  in  Asia  Minor, 
haying  perceived,  during  the  night,  a  small,  steady  light  among  the 
hills,  by  the  inhabitants  called  a  yanar ,  or  volcanic  light ,  curiosity  led 
him  to' visit  it.  In  the  corner  of  a  ruined  building,  was  a  wall  under¬ 
mined  by  an  aperture  of  3  feet  diameter,  like  the  mouth  of  an  oven, 
from  which  the  flame  issued,  with  intense  heat,  hut  without  smoke? 
and  though  several  small  lumps  of  caked  soot  were  detached  from  the 
neck  of  the  opening,  the  walls  Were  scarcely  discoloured.  Trees, 
brushwood,  and  weeds,  grew  around  this  little  crater;  a  small  stream 
teeMed  down  the  hill  in  its  vicinity;  and  the  ground  did  not  appear 
affected  by  its  heat  more  than  a  few  yards  distance.  No  volcanic 
productions  were  perceived;  butlowerdown  the  hill,  was  another  aper¬ 
ture,  which  had  apparently  been  the  vent  of  a  similar  flame.  It  was 
never  accompanied  by  earthquakes  or  noises;  and  did  not  eject 
either  stones,  smoke,  or  noxious  vapours ;  hut  its  brilliant  and  per- 
Sietual  flame  could  not  he  quenched  by  any  quantity  of  water;  and  at 
this  flame  the  shepherds  often  dressed  their  food. 

This  phenomenon  appears  to  have  existed  For  many  ages,  and  Cap¬ 
tain  Beaufort  is  persuaded  it  is  the  spot  alluded  to  by  Pliny; 

Mount  Chimaera,  near  Phaseiis,  emits  an  unceasing  flame,  which 
burns  day  and  night.”  At  a  short  distance  is  Takhtalu,  whose  naked 
summit  rises,  insulated,  7800  feet  above  the  level  of  the  sea,  and  on 
which,  in  August,  a  few  streaks  of  snow  were  discernible;  but  many 
distant  mountains  were  white  nearly  a  fourth  down  their  sides. 
Hence  the  elevation  of  this  part  of  Mount  Taurus  is  supposed  about 
10,000  feet,  equal  to  that  of  Mount  Etna. 

Sir  William  Hamilton  has  thrown  great  light  on  the 
history  of  volcanos.  In  various  letters  on  this  curious 
and  interesting  subject,  he  has  demonstrated  that  these 
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formidable  phenomena  serve  as  spiracles,  or  tunnels,  to 
those  subterraneous  fires  which  would  otherwise  rendei 
the  dreadful  effects  of  earthquakes  more  dreadful  still 

The  dread  volcano  ministers  to  good; 

Its  smother’d  flames  might  undermine  the  world: 

Loud  Etnas  fulminate  in  love  to  man.  Youivg. 

He  has  also  demonstrated,  that  many  of  the  revolutions 
in  the  face  of  the  globe  have  been  effected  by  absolute 
chemical  processes,  carried  on  by  Nature,  on  a  more 
wonderful  and  extensive  scale  than  the  puny  efforts  ot 
human  art. 

“  The  gulfs  of  Gaeta  and  Terracina  (says  Sir  William) 
may,  in  the  course  of  time,  become  another  Campo 
Felice:  for  the  rich  and  fertile  plain  so  called,  which 
extends  from  the  bay  of  Naples  to  the  Appenines,  be¬ 
hind  Caserta  and  Capua,  has  evidently  been  entirely 
formed  by  a  succession  of  such  volcanic  eruptions. 
Vesuvius,  the  Solfaterra,  and  the  high  volcanic  grounds, 
on  the  greater  part  of  which  the  city  of  Naples  is  built, 
were  once  probably  islands;  and  we  may  conceive  the 
islands  of  Procita,  Ischia,  Ventoliene,  Palmarole, 
Ponza,  and  Zannone,  to  be  the  outline  of  a  new  portion 
of  land,  intended  by  Nature  to  be  added  to  the  neigh¬ 
bouring  continent;  and  the  Lipari  islands  (all  of  which  are 
volcanic)  may  be  looked  upon  in  the  same  light,  with  re¬ 
spect  to  a  future  intended  addition  to  the  island  of  Sicily. 
Many  new  discoveries  have  been  made  of  late  years, 
particularly  in  the  south  seas,  of  islands  which  owe  their 
birth  to  volcanic  explosions;  and  some,  indeed,  where  the 
volcanic  fire  still  operates.  It  is  reasonable  to  suppose, 
that  upon  further  examination,  most  of  the  elevated 
islands,  at  a  considerable  distance  from  continents,  would 
be  found  to  have  a  volcanic  origin;  as  the  low  and  flat 
islands  appear  in  general  to  have  been  formed  of  the 
spoils  of  sea  productions,  such  as  corals,  madrepores, 
.&X.  That  which  was  one  day  in  a  calcareous  state, 
and  formed  by  an  insect  in  the  sea,  becomes  vitrefied  in 
another,  by  the  action  of  the  volcanic  fire,  and  the 
addition  of  some  natural  ingredients,  such  as  sea  salts 
and  weeds;  and  is  again  transformed  to  a  pure  clay,  by 
another  curious  process  of  Nature.  The  naturalist  may 
indeed  decide  as  to  the  present  quality  of  any*  natural 
:  production,  but  it  would  be  presumptuous  in  him  to 
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decide  as  to  its  former  states.  As  far  as  I  can  judge 
in  this  curious  country,  active  Nature  seems  to  be  con¬ 
stantly  employed  in  composing,  decomposing,  and  re¬ 
composing;  but  surely  for  all-wise  and  benevolent  pur¬ 
poses,  though  on  a  scale,  perhaps,  too  great  and  exten¬ 
sive  for  our  limited  comprehension.” 

In  October,  1822,  two  eruptions  of  Galong  Goening 
took  place.  The  plain  of  Singapama  was  covered  with 
mud,  mixed  with  burning  sulphur;  and  it  is  said,  that 
20  kampongs  have  been  destroyed,  and  1000  persons 
illed. 


LECTURE  XXIV. 

EARTHQUAKES. 

How  greatly  terrible,  how  dark  and  deep- 
The  purposes  of  Heaven!  At  once  o’erthrown, 

White  age  and  youth,  the  guilty  and  the  just, 

(Oh,  seemingly  severe!)  promiscuous  fall. 

Reason,  whose  daring  eye  in  vain  explores 
The  fearful  providence,  confused,  subdued 
To  silence  and  amazement,  with  due  praise' 

Acknowledges  th’  Almighty,  and  adores 
His  will  unerring,  wisest,  justest,  best! 

Towers,  temples,  palaces, 

Flung  from  their  deep  foundations,  roof  on  roof 
Crush’d  horrible,  and  pile  on  uile  o’erturn’d. 

Fall  total.  Millet 

The  globe  around  earth’s  hollow  surface  shakes, 

And  is  the  ceiling  of  her  sleeping  sons. 

O’er  devastation  we  blind  revels  keep; 

Whose  buried  towns  support  the  dancer’s  heel.  Youxe. 

Earthquakes  are  unquestionably  the  most  dreadful 
of  the  phenomena  of  nature;  and  are  not  confined  to  those 
countries  which,  from  the  influence  of  climate,  their 
vicinity  to  volcanic  mountains,  or  any  other  similar 
cause,  have  been  considered  as  more  particularly  subject 
to  them;  their  ettects  have  often  been  felt  in  the  British 
isles,  although  not  in  so  extensive  and  calamitous  a 
degree. 

The  most  remarkable  earthquakes  of  ancient  times  are  described  by 
Pliny,  in  his  Natural  History.  Among  the  most  extensive  and  de¬ 
structive  of  these  was  one  by  which  thirteen  cities  in  Asia  Minor  w  ere 
swallowed  up  in  one  night*.  Another,  which  succeeded,  shook  the 

In  Blair’s  Grammar  of  Philosophy  it  is  suggested,  that  cities  are 
chiefly  affected,  because  they  contain  the  greatest  quantities  of  con¬ 
ducting  metallic  bodies;  so  also  with  rivers. 


429 


EARTHQUAKES. 

greater  part  of  Italy.  But  the  most  extraordinary  one,  described  by 
him,  happened  during  the  consulate  of  Lucius  Marcus  and  Sextus 
Julius,  in  the  Roman  province  of  Mutina.  He  relates,  that  two 
mountains  felt  so  tremendous  a  shock,  that  they  seemed  to  approach 
and  retire,  with  a  most  dreadful  noise.  They,  at  the  same  time,  and 
in  the  middle  of  the  day,  cast  forth  fire  and  smoke,  to  the  dismay  of 
the  astonished  spectators.  By  this  shocks  everal  towns  were  destroyed, 
and  all  the  animals  in  their  vicinity  killed.  During  the  reign  of 
Trajan,  the  city  of  Antioch  was,  together  with  a  great  part  of  the  ad¬ 
jacent  country,  destroyed  by  an  earthquake;  and  about  300  years 
after,  during  the  reign  of  Justinian,  it  was  again  destroyed,  with  the 
loss  of  40,000  of  its  inhabitants.  Lastly,  after  an  interval  of  60  years, 
that  ill-fated  city  was  a  third  time  overwhelmed,  with  a  loss  of  60,000 
souls. 

The  earthquake  which  happened  at  Rhodes,  upwards  of  200  years 
before  the  Christian  era,  threw  down  the  famous  Colossus,  together 
with  the  arsenal,  and  a  great  part  of  the  walls  of  the  city.  In  the  year 
1182,  the  greater  part  of  the  cities  of  Syria,  and  of  the  kingdom  of 
Jerusalem,  were  destroyed  by  a  similar  catastrophe;  and  in  1594,  the 
Italian  writers  describe  an  earthquake  at  Puteoli,  which  occasioned 
the  sea  to  retire  200  yards  from  its  former  bed. 

The  dreadful  earthquake  which  happened  in  Calabria,  in  1633,  is 
described  by  Father  Kircher,  who  was  at  that  time  on  his  way  to 
Sicily,  to  visit  Mount  Etna.  In  approaching  the  gulf  of  Charybdis,  it 
appeared  to  whirl  round,  in  such  a  manner  as  to  form  a  vast  hollow, 
verging  to  a  point  in  the  centre.  On  looking  towards  Etna,  it  was 
seen  to  emit  large  volumes  of  smoke,  of  a  mountainous  size,  which 
entirely  covered  the  whole  island,  and  obscured  from  his  view  the  very 
shores.  This,  together  with  the  dreadful  noise,  and  the  sulphureous 
stench  which  was  strongly  perceptible,  filled  him  with  apprehensions 
that  a  still  more  dreadful  calamity  was  impending.  The  sea  was  agi¬ 
tated,  covered  with  bubbles,  and  had  altogether  a  very  unusual  appear¬ 
ance.  The  father  had  scarcely  reached  the  Jesuits’  college,  when  he 
was  stunned  with  a  horrid  sound,  resembling  that  of  an  infinite  number 
of  chariots  driven  fiercely  forward,  the  wheels  rattling,  and  the  thongs 
cracking.  The  tract  on  which  he  stood  seemed  to  vibrate,  as  if  he  had 
been  in  the  scale  of  a  balance  which  still  continued  to  waver.  The 
motion  soon  becoming  more  violent,  he  was  thrown  prostrate  on  the 
ground.  The  universal  ruin  around  him  now  redoubled  his  amaze¬ 
ment:  the  crash  of  falling  houses,  the  tottering  of  towers,  and  the 
groans  of  the  dying,  all  contributed  to  excite  emotions  of  terror  and 
despair. 

The  great  earthquake  of  1755  extended  over  a  tract  of  at  least 
4,000,000  of  square  miles.  It  appears  to  have  originated  beneath  the 
Atlantic  Ocean,  the  waves  of  which  received  almost  as  violent  a  con¬ 
cussion  as  the  land.  Its  effects  were  even  extended  to  the  waters,  in 
many  places  where  the  shocks  were  not  perceptible.  It  pervaded  the 
greater  portions  of  the  continents  of  Europe,  Africa,  and  America; 
but  its  extreme  violence  was  exercised  on  the  south-western  parts  of 
the  former. 

Lisbon,  the  Portuguese  capital,  had  already  suffered  greatly  from 
an  earthquake  in  1531;  and,  since  the  calamity  about  to  be  described 
has  had  three  such  visitations,  in  1761,  1765,  and  1772,  which  were  not 
however,  attended  by  equally  disastrous  consequences.  In  the  present 
instance,  it  had  been  remarked  that,  since  the  commencement  of  the 
year  1750,  less  rain  had  fallen  than  had  been  known  in  the  memory  ot 
the  oldest  of  the  inhabitants,  unless  during  the  spring  preceding  tho 
calamitous  event.  The  summer  had  been  unusually  cool ;  and  the 
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weather  fine  and  clear  for  the  last  40  days.  At  length,  on  the  1st  of 
November,  about  40  minutes  past  9  in  the  morning,  a  most  violent 
shock  of  an  earthquake  was  felt :  its  duration  did  not  exceed  6  seconds • 
but  so  powerful  was  the  concussion,  that  it  overthrew  every  church 
®nd  convent  in  the  city,  together  with  the  royal  palace,  and  the  mag¬ 
nificent  opera-house  adjoining  to  it;  in  short,  not  any  building  of 
consequence  escaped.  About  one-fourth  of  the  dwelling  houses  w  ere 
thrown  down*  and,  at  a  moderate  computation,  30,000  individuals 
perished. 

The  first  shock  was  extremely  short,  but  was  quickly  succeeded  by 
2  others;  and  the  whole,  generally  described  as  a  single  shock,  lasted 
from  5  to  7  minutes.  About  2  hours  after,  fires  broke  out  in  3  differ¬ 
ent  parts  of  the  city ;  and  this  new  calamity  prevented  the  digging 
out  of  the  immense  riches  concealed  beneath  the  ruins.  From  a  per¬ 
fect  calm,  a  fresh  gale  immediately  after  sprang  up,  and  occasioned 
the  fire  to  rage  with  such  fury,  that  in  the  space  of  3  days  the  city 
was  nearly  reduced  to  ashes.  Every  element  seemed  to  conspire  to¬ 
wards  its  destruction ;  for,  soon  after  the  shock,  which  happened  near 
high  water,  the  tide  rose  in  an  instant  40  feet,  and  at  the  castle  of 
Belem,  which  defends  the  entrance  of  the  harbour,  50  feet  higher  than 
had  ever  been  known.  Had  it  not  subsided  as  suddenly,  the  whole 
city  wmuld  have  been  Submerged.  A  large  new  quay  sunk  to  an 
unfathomable  depth,  with  several  hundreds  of  persons,  not  one  of  the 
bodies  of  whom  was  afterwards  found.  Before  the  sea  thus  came 
rolling  in  like  a  mountain  the  bar  was  seen  dry  from  the  shore. 

The  great  shock  was  succeeded  about  noon  by  another,  w  hen  the 
walls  of  several  houses  which  were  still  standing,  w  ere  seen  to  open 
from  the  top  to  the  bottom,  more  than  a  fourth  of  a  yard,  and  after¬ 
wards  to  close  again  so  exactly  as  not  to  leave  any  signs  of  injury. 
Between  the  1st  and  the  8th  of  November,  22  shocks  were  reckoned. 

This  earthquake  w  as  also  felt  at  Oporto,  Cadiz,  and  other  parts  of 
Europe,  and  equally  severe  in  Africa.  A  great  part  of  the  city  of 
Algiers  wras  destroyed.  In  many  places  of  Germany  the  effects  of 
this  earthquake  were  very  perceptible;  but  in  Holland,  the  agitations 
were  still  more  remarkable.  The  agitation  of  the  waters  was  also 
perceived  in  various  parts  of  Great  Britain  and  Ireland.  At  Cobham, 
in  Surrey;  D unstall,  in  Suffolk;  Earsy  Court,  in  Berkshire;  Eaton 
Bridge,  Kent;  and  many  other  places,  the  waters  were  variously  agi¬ 
tated.  At  Shireburn  Castle,  Oxfordshire,  a  little  after  10  in  the 
morning,  a  very  strange  motion  was  observed  in  the  water  of  a  moat 
which  encompasses  the  building.  Similar  instances  occurred  at  Loch 
Lomond  and  Loch  Ness,  in  Scotland.  At  K insale,  in  Ireland;  and 
ail  along  the  coast  to  the  westward,  many  similar  phenomena  were, 
observed.  Shocks  were  also  perceived  in  several  parts  of  Fiance,  as 
at  Bayonne,  Bourdeaux,  and  Lyons;  and  commotions  of  the  waters 
were  observed  at  Angoulesme,  Belleville,  Havre  de  Grace,  &c.  but 
not  attended  w  ith  any  remarkable  circumstances. 

At  sea  the  shocks  of  this  earthquake  were  felt  most  violently. 
Among  other  catastrophes,  the  captain  of  the  Nancy  frigate,  off  St. 
Lucar,  felt  his  ship  so  violently  shaken,  that  he  thought  she  had  struck 
the  ground ;  but,  on  heaving  the  lead,  found  she  was  in  a  great 
depth  of  water. 

The  earthquakes  in  Sicily,  and  the  two  Calabrias,  began  on  the 
5th  of  February,  1783,  and  continued  until  the  latter  end  of  the  May 
following,  doing  infinite  damage,  and  exhibiting  at  Messina,  in  the 
parts  of  Sicily  nearest  to  the  continent,  and  in  the  two  Calabrias,  a 
variety  of  phenomena.  The  earth  w  as  in  a  constant  tremor,  and  its 
motions  were  various,  being  either  vortical,  or  whirling  round,  hori- 
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zontal,  or  oscillatory,  that  is,  by  pulsations  or  beatings,  from  the  bot¬ 
tom  upwards.  There  were  many  openings  and  cracks  in  the  earth; 
and  several  hills  had  been  lowered,  while  others  were  quite  level. 
In  the  plains,  the  chasms  were  so  deep,  that  many  roads  wrere  ren¬ 
dered  impassable.  Huge  mountains  were  severed,  and  portions  of 
them  driven  into  the  valleys,  which  were  thus  filled  up.  The  total 
amount  of  the  mortality  occasioned  by  these  earthquakes,  in  Sicily 
and  the  two  Calabrias,  wras,  agreeably  to  the  official  returns,  32,367 ; 
but  Sir  William  Hamilton  thought  it  still  greater,  and  carries  his  esti¬ 
mate  to  40,000,  including  foreigners. 

The  shocks  felt  since  the  commencement  of  these  formidable  earth¬ 
quakes,  amounted  to  several  hundreds;  and  amongst  the  most  violent 
may  be  reckoned  the  one  which  happened  on  the  28th  of  March.  It 
affected  most  of  the  higher  parts  of  Upper  Calabria,  and  the  inferior 
part  of  Lower  Calabria,  being  equally  tremendous  with  the  first.  In¬ 
deed  these  shocks  were  the  only  ones  sensibly  felt  in  the  capital, 
Naples.  With  relation  to  the  former,  2  singular  phenomena  are  re¬ 
corded  :  at  the  distance  of  about  3  miles  from  the  ruined  city  of  Oppido, 
in  Upper  Calabria,  was  a  hill,  having  a  sandy  and  clayey  soil,  nearly 
400  feet  in  height,  and  nearly  900  feet  in  circumference  at  its  base. 
This  hill  is  said  to  have  been  carried  to  the  distance  of  about  4  miles 
from  the  spot  where  it  stood,  into  a  plain  called  Campo  di  Bassano. 
At  the  same  time,  the  hill  on  which  the  city  of  Oppido  stood,  and 
which  extended  about  3  miles,  divided  into  2  parts:  being  situated 
between  2  rivers,  its  ruins  filled  up  the  valley,  and  stopped  their 
co-urse,  forming  2  large  lakes,  which  augmented  daily. 

Sir  William  Hamilton,  from  the  limited  boundaries 

of  these  earthquakes,  was  persuaded  that  they  were 

caused  by  some  great  operation  of  nature,  of  a  volcanic 

:  kind.  To  ascertain  this,  he  began  his  tour  by  visiting 

the  parts  of  the  coasts  of  the  two  Calabrias  which  had 

suffered  most  from  this  severe  visitation.  He  every 

%> 

where  came  to  ruined  towns  and  houses,  the  inhabit¬ 
ants  of  which  were  in  sheds,  many  of  them  built  on 
such  insalubrious  spots  that  an  epidemy  had  ensued. 
These  unfortunate  people  agreed  that  every  shock  they 
had  felt,  seemed  to  come,  with  a  rumbling  noise,  from 
the  westward,  beginning  usually  with  the  horizontal 
motion,  and  ending  with  the  vortical,  or  whirling 
motion,  which  last  had  ruined  most  of  the  buildings. 
It  had  also  been  generally  observed,  that,  before  a 
shock,  the  clouds  seemed  to  be  fixed  and  motionless; 
and  that,  after  a  heavy  shower  of  rain,  a  shock  quickly 
followed.  By  the  violence  of  some  of  the  shocks, 
many  persons  had  been  thrown  down :  and  several 
of  the  peasants  described  the  motion  of  the  earth  as 
so  violent,  that  the  tops  of  the  largest  trees  almost 
touched  the  ground  from  side  to  side.  It  had  been 
stated,  in  the  report®  made  to  government,  that  2  tene- 
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meats,  named  Macini  and  Vaticano,  had,  by  the  effect 
of  the  earthquake,  changed  their  situation.  In  this 
fact  Sir  William  agrees,  and  accounts  for  it  in  the  fol¬ 
lowing  manner: — They  were  situated  in  a  valley  sur¬ 
rounded  by  high  grounds,  and  the  surface  of  the  earth, 
which  had  been  removed,  had  probably  been  long  un¬ 
dermined  by  the  little  rivulets  which  flow  from  the 
mountains,  and  were  in  full  view  on  the  bare  spot  the 
tenements  had  deserted.  He  conjectures,  besides,  that, 
the  earthquake  having  opened  some  depositions  of 
rain-water  in  the  clayey  hills  which  surround  the  valley, 
the  water,  mixing  with  the  loose  soil,  and  taking  its 
course  suddenly  through  the  undermined  surface,  had 
lifted  it  up,  together  with  the  large  olive  and  mulberry 
trees,  and  a  thatched  cottage,  floating  the  entire  piece 
of  ground,  with  all  its  vegetation,  about  a  mile  down 
the  valley,  where  he  saw  it,  with  most  of  the  trees 
erect.  (See  the  Engraving.)  These  two  tenements  occu¬ 
pied  a  space  of  ground  about  a  mile  in  length,  and 
half  a  mile  in  breadth.  There  were  in  the  vicinity  se¬ 
veral  deep  cracks  in  the  earth,  not  one  of  which  was 
then  more  than  a  foot  in  breadth;  but  Sir  William  was 
credibly  assured,  that,  during  the  earthquake,  one  had 
opened  wide,  and  had  swallowed  up  an  ox,  and  nearly 
100  goats. 

The  force  of  the  earthquakes,  although  very  violent 
at  Messina,  and  at  Reggio  on  the  opposite  side  of  the 
strait,  was  not  to  be  compared  to  that  which  wras  felt 
in  the  plain.  In  the  former  city  the  mortality  did  not 
exceed  700,  of  a  population  of  30,000.  Sir  William 
concludes  by  remarking,  that  the  local  earthquakes 
here  described,  appear  to  have  been  caused  by  the 
same  kind  of  matter  as  that  which  gave  birth  to  the 
yEolian  or  Lipari  islands.  He  conjectures  that  an 
opening  may  have  been  made  at  the  bottom  of  the  sea, 
most  probably  between  Stromboli  and  Upper  Calabria; 
for  from  that  quarter,  it  vras  on  all  hands  agreed,  the 
subterraneous  noises  seemed  to  proceed.  He  adds, 
that  the  foundation  of  a  new  island,  or  volcano,  may 
have  been  laid,  although  it  may  be  ages,  which  to 
Nature  are  but  moments,  before  it  shall  be  completed,  I 
and  appear  above  the  surface  of  the  sea. 

Count  Francesco  Ippolito,  in  speaking  of  the  last 
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Earthquake  in  Calabria 
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f  ?L  Ctk  r,  t  lC  28lh  ot  March-  as  it  affected  the 
Calahmn  territory,  is  persuaded  that  it  arose  from  an 

internal  fire  in  the  bowels  of  the  earth,  as  it  took  place 

precise  y  in  the  mountains  which  cross  the  neck  of  the 

tlfe  rnUla’  f°ttme/  by  t,le  tw?  rivers’  the  La  me  to  and 
St  r  l!Jce’  .t  le  f°rmer  of  which  flows  into  the  Gulf  of 
,  Phemia,  and  the  latter  into  the  Ionian  Sea.  All 
e  pienomena  it  displayed,  made  this  evident. 

South  America  has  been  at  all  times  very  subject  to 

Lbnaq't|lkeS;  •f‘!d  remarkable,  that  the  city  of 

Inma,  the  capital  ot  Peru,  situated  in  about  12  degrees 

of  south  latitude,  although  scarcelv  ever  visited  by 

thunder  m,Tf  ie,qU-ally  raCqUainted  with  rain  as  with 
theSury.  d  'S  haS  beeu  sin8Qlarly  exposed  to 

tI,oAl>n0ll°-tUe  m°St  tremendous  earthquakes  with  which 

£PK  caP*tal  ,bas  visited,  may  be  reckoned 
th<,t  w  Inch  happened  on  the  28th  of  October,  1687 

tttefinr  tS1°Kr  ";as. ,a,t  4  >»  the  morning,  when  several  of 
with  Z .  '  f  bulldirgs  and  h0lIses  were  destroyed, 
Z  t  r  °  a  ^  1  Ves'  Durin8'  the  second  shock 
mount  r®  6d  Considerably>  and  then  returned  in 

sea-Dort  ofS1  faves>  .e,ntlrel/  overwhelming  Callao,  the 
/  inu’  distant  5  miles,  as  well  as  the  adja- 

F  'J;,n  i -  ’  to8etber  with  the  wretched  inhabitants. 

™“t,rf  iZ;'er  ?.rtb(l.uakes  were  felt  at  Lima, 

28tb  of  O  I  1?  b~d  ;  which  likewise  happened  on  the 
28th  of  October,  at  half  past  10  at  night.  At  length 

tranouflVitl6  °f, the  flrst  sllock  ceased;  but  the 

s^fH  ty  Wi‘S  °  S,hort  duration,  the  concussions 
I  y  sutcee  ing  each  other.  The  sea,  as  is  usual  on 

,  ,  °c,casl0ns-  seeding  to  a  considerable  distance, 
returned  in  mountainous  waves,  foaming  with  the  vio- 

Z  n  •  u  ®  a^tatl0“’  and  suddenly  buried  Callao  and 

I  in  its  flood-  This  terrible 

tl  “  extended,  as  well  as  the  earthquake,  to 

tho  f  f  #•  t  • tbe  coast>  and  several  towns  underwent 

WsiJh  °f.  ;lma-  •  The  number  of  persons  who  pe- 
nshed  ,n  that  capital,  within  2  days  after  the  earth- 

ZtnteTtoTm  °“  a"  eStimate  °f  the  b0dfes  found> 
The  earthquake  of  Jamaica,  in  1692,  was  one  of  the 
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most  dreadful  history  has  had  to  record.  In  the  space 
of  2  minutes  it  destroyed  the  town  of  Port  Royal,  and 
sunk  the  houses  in  a  gulf  40  fathoms  deep.  It  was 
attended  with  a  hollow  rumbling  noise,  like  that  of 
thunder.  In  less  than  a  minute,  the  greater  part  of 
the  houses  on  one  side  of  the  streets,  were,  with  their 
inhabitants,  sunk  beneath  the  water,  while  those  on  the 
other  side  were  thrown  into  heaps,  the  sandy  soil  on 
which  they  were  built  rising  like  the  waves  of  the  sea, 
and  suddenly  overthrowing  them  on  its  subsidence. 
The  fissures  in  the  earth  were  in  some  places  so  great, 
that  one  of  the  streets  appeared  of  more  than  twice  its 
original  breadth.  In  many  places  the  earth  opened 
and  closed  again;  and  this  agitation  continued  for  a 
considerable  time.  Several  hundreds  of  these  openings 
were  to  be  seen  at  the  same  moment:  in  some  of  them 
the  wretched  inhabitants  were  swallowed  up;  while  in 
others,  the  earth,  suddenly  closing,  caught  them  by  the 
middle,  and  thus  crushed  them  to  death.  Other  open¬ 
ings,  still  more  dreadful,  swallowed  up  entire  streets; 
while  others,  again,  spouted  up  cataracts  of  water, 
drowning  those  whom  the  earthquake  had  spared. 

In  describing  the  great  earthquake  at  Cumana,  M.  Humboldt  says, 
that  from  October  28,  to  the  3d  of  November,  a  reddish  fog  was  thicker 
than  it  had  yet  been.  The  heat  of  the  night  seemed  stifling,  though  the 
thermometer  rose  only  to  91°.  The  breeze,  which  generally  cooled 
the  air  from  eight  or  nine  o’clock  in  the  evening,  was  no  longer  felt. 
The  atmosphere  appeared  as  if  it  were  on  fire.  The  ground,  parched 
and  dusty,  was  cracked  on  every  side.  On  the  4th  of  November, 
about  tw  o  in  the  afternoon,  large  clouds  of  an  extraordinary  blackness, 
envelope  a  the  high  mountains  of  the  Brigantine  and  Tataraqual. 
They  extended,  by  degrees,  as  far  as  the  zenith.  About  four  in  the 
afternoon,  thunder  was  heard,  over  our  heads,  but  at  an  immense 
height,  without  rolling,  and  w  ith  a  hoarse  and  often  interrupted  sound. 
At  the  moment  of  the  strongest  electric  explosion,  at  4h.  12m.  there 
were  two  shocks  of  an  earthquake,  which  followed  at  fifteen  seconds 
distance  from  each  other.  The  people  in  the  streets  filled  the  air 
with  their  cries.  M.  Bonpland,  who  was  leaning  over  a  table,  exa¬ 
mining  plants,  was  almost  thrown  on  the  floor.  I  felt  this  shock  very 
strongly,  though  I  was  lying  in  a  hammock.  Its  direction  was  from 
north  to  south,  which  is  rare  at  Cumana.  Slaves,  who  were  drawing 
water  from  a  well,  more  than  eighteen  or  twenty  feet  deep,  near  the 
river  Manzanares,  heard  a  noise  like  the  explosion  of  a  strong  charge 
of  gunpowrder.  The  noise  seemed  to  come  from  the  bottom  of  the 
well.  About  nine  in  the  evening  there  was  another  shock,  attended 
with  a  subterraneous  noise.  The  earthquake  of  the  4th  of  November, 
the  first  I  had  felt,  made  so  much  the  more  lively  an  impression  on  me, 
as  it  was  accompanied  with  remarkable  meteorological  variations.  It 
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was,  moreover,  a  real  lifting-up,  and  not  a  shock  by  undulations.  I  did 
not  then  imagine,  that,  after  a  long  abode  on  the  table-lands  of  Quito 
and  the  coasts  of  Peru,  I  should  become  almost  as  familiar  with  the 
abrupt  movements  of  the  ground,  as  we  are  in  Europe  with  the  noise 
of  thunder.  We  did  not  think  of  rising  at  night,  in  the  city  of  Quito- 
when  subterraneous  rumblings  ( bramidos ),  which  seem  always  to  come 
from  the  volcano  of  Pichiucha,  announced  (two  or  three,  and  some¬ 
times  seven  or  eight  minutes  before)  the  shock,  the  force  of  which  is 
seldom  m  proportion  to  the  intensity  of  the  noise.  In  1784,  the  in- 
habitants  of  Mexico  w  ere  accustomed  to  hear  the  thunder  roll  beneath 
vieir  feet,  as  it  is  heard  by  us  in  the  region  of  the  clouds* 

In  1812,  X  enezuela  was  visited  by  one  of  these  tre¬ 
mendous  earthquakes.  During  1  minute  and  15  se¬ 
conds  the  earth  was  convulsed  in  every  direction,  and 
nearly  20,000  persons  fell  victims.  The  towns  of  Ca- 
raccas.  La  Guayra,  Mayquetia,  Merida,  and  Sanfelipe,, 
were  totally  destroyed.  Barquisimeto,  Valencia,  La 
V  ittoria,  and  others,  suffered  considerably. 

In  1822,  the  tremendous  earthquake  took  place  in 
Syria,  by  which  whole  cities  were  destroyed,  and 
20,000  persons  perished  in  a  few  seconds,  and  in  the 
same  year  a  series  of  earthquakes  took  place  in  Chili, 

by  which  the  town  of  Valparaiso  suffered  consider¬ 
ably. 

^r*  9ra^11&er'  *11S  beautiful  poem,  the  Sugar 

Cane,  gives  the  following  picturesque  description  of  an 
earthquake  in  the  West  Indies,  where  that  phenomenon 
is  very  frequent. 

Earthquakes,  Nature’s  agonizing  pangs, 

Oft  shake  th’  astonied  isles;  the  solfaterre  'i  >j 
Or  sends  forth  thick,  blue,  suffocating  steams; 

Or  shoots  to  temporary  flame.  A  din, 

M  ild,  through  the  mountain’s  quivering  rocky  caves, 

Like  the  dread  crash  of  tumbling  planets,  roars. 

When  tremble  thus  the  pillars  of  the  globe, 

Like  the  tall  coco  by  the  fierce  North  blown, 

Can  the  poor,  brittle  tenements  of  man 
Withstand  the  dread  convulsion?  Their  dear  homes 
(Which  shaking,  tottering,  crashing,  bursting,  fall)) 

The  boldest  fly;  and  on  the  open  plain 
Appall’d,  in  agony,  the  moment  wait. 

When,  with  disrupture  vast,  the  waving  earth 
Shall  whelm  them  in  her  sea-disgorging  womb. 

Nor  less  affrighted  are  the  bestial  kind. 

The  bold  steed  quivers  in  each  panting  vein. 

And  staggers,  bath’d  in  deluges  of  sweat: 

The  lowing  herds  forsake  their  grassy  food. 

And  send  forth  frighted,  woful,  hollow'  sounds;  ' 

The  dog,  thy  trusty  centinel  of  night, 
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Deserts  liis  post  assign’d,  and  piteous  howls. 

Wide  ocean  feels - 

The  mountain  waves,  passing  their  custom’d  bounus, 

Make  direful,  loud  incursions  on  the  land, 

All  over-whelming :  sudden  they  retreat, 

With  their  whole  troubled  waters;  but,  anon, 

Sudden  return,  with  louder,  mightier  force; 

(The  black  rocks  whiten,  the  vext  shores  resound  ;) 

And  yet,  more  rapid,  distant  they  retire. 

?  Vast  coruscations  lighten  all  the  sky. 

With  volumed  flames;  while  Thunder’s  awful  voice, 

From  forth  his  shrine,  by  night  and  horror  girt, 

Astounds  the  guilty,  and  appals  the  good. 

Some  naturalists  have  ascribed  earthquakes  to  water;  \ 
others  to  fire,  and  others,  again,  to  air;  each  of  these 
powerful  agents  being  supposed  to  operate  in  the 
bowels  of  the  earth,  which  they  assert  to  abound  every 
where  with  huge  subterraneous  caverns,  veins,  and 
canals,  some  filled  with  water,  others  with  gaseous  ex¬ 
halations,  and  others  replete  with  various  substances, 
such  as  nitre,  sulphur,  bitumen,  and  vitriol.  Dr. 
Lister  ascribes  earthquakes,  as  well  as  thunder  and 
lightning,  to  the  inflammable  breath  of  the  pyrites,  a 
substantial  sulphur,  capable  of  spontaneous  combus¬ 
tion.  Dr.  Woodward  thinks,  that  the  subterraneous 
fire,  which  continually  raises  the  water  from  the  abyss, 
or  great  reservoir,  in  the  centre  of  the  earth,  for  the 
supply  of  dew,  rain,  springs,  and  rivers,  being  diverted 
from  its  ordinary  course  by  some  accidental  obstruction 
in  the  pores  through  which  it  used  to  ascend  to  the 
surface,  becomes,  by  such  means,  preternaturally  as¬ 
sembled,  in  a  greater  quantity  than  usual,  in  one  place, 
and  thus  causes  a  rarefaction  and  intumescence  of  the 
wrater  of  the  abyss,  throwing  it  into  greater  commo¬ 
tions,  and  at  the  same  time  making  the  like  effort  on 
the  earth,  which,  being  expanded  on  the  surface  of  the 
abyss,  occasions  an  earthquake.  Mr.  Mitchell  sup¬ 
poses  these  phenomena  to  be  occasioned  by  subterra¬ 
neous  fires,  which,  if  a  large  quantity  of  water  be  let 
Wse  on  them  suddenly,  may  produce  a  vapour,  the 
quantity  and  elastic  force  of  which  may  fully  suffice  for 
the  purpose.  M.  Amontons  endeavours  to  prove 
that,  on  the  principle  of  the  experiments  made  on  the 
weight  and  spring  of  the  air,  a  moderate  degree  of 
heat  may  bring  that  element  into  a  state  capable  of 
causing  earthquakes. 
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Modern  electrical  discoveries  have  thrown  much 
light  on  this  subject.  Dr.  Stukeley  strenuously  denies 
that  earthquakes  are  to  be  ascribed  to  subterraneous 
winds,  fires,  or  vapours;  and  thinks  that  there  is  not 
any  evidence  of  the  cavernous  structure  of  the  earth, 
which  such  an  hypothesis  requires.  Subterraneous 
vapours,  he  thinks,  are  altogether  inadequate  to  the 
effects  produced  by  earthquakes,  more  particularly  in 
cases  where  the  shock  is  of  considerable  extent:  for  a 
subterraneous  power,  capable  of  moving’  a  surface  of 
earth  only  30  miles  in  diameter,  must  be  lodged  at 
least  15  or  20  miles  below  the  surface,  and  move  an 
inverted  cone  of  solid  earth,  whose  basis  is  30  miles  in 
diameter,  and  axis  15  or  20  miles,  which  he  thinks  ab¬ 
solutely  impossible.  How  much  more  inconceivable  is 
it,  then,  that  any  such  power  could  have  produced  the 
earthquake  of  1755,  which  was  felt  in  various  parts  of 
Europe  and  Africa,  and  in  the  Atlantic  ocean;  or  that 
in  Asia  Minor,  in  the  17th  year  of  the  Christian  era, 
which  destroyed  13  great  cities  in  one  night,  and 
shook  a  mass  of  earth  300  miles  in  diameter.  To  ef¬ 
fect  this,  the  moving  power,  supposing  it  to  have  been 
internal  fire  or  vapour,  must  have  been  lodged  200 
miles  beneath  the  surface  of  the  earth!  Besides,  in 
earthquakes,  the  effect  is  instantaneous;  wherefore,  as 
the  operation  of  elastic  vapour,  and  its  discharge,  must 
be  gradual,  and  require  a  long  space  of  time;  and  if 
these  be  owing  to  explosions,  they  must  alter  the  sur¬ 
face  of  the  country  where  they  happen,  destroy  the 
fountains  and  springs,  and  change  the  course  of  its 
rivers, — results  which  are  contradicted  by  history  and 
observation. 

To  these,  and  other  considerations,  the  Doctor  adds, 
that  the  strokes  which  ships  receive  during  an  earth- 
I  quake,  must  be  occasioned  by  something  which  can 
I  communicate  motion  with  much  greater  velocity  than 
I  any  heaving  of  the  earth  under  the  sea,  caused  by  the 
elasticity  of  generated  vapours,  which  would  merely 
I  produce  a  gradual  swell,  and  not  such  an  impulsion  of 
the  water  as  resembles  a  violent  blow  on  the  bottom  of 
a  ship,  or  its  striking'  on  a  rock.  Hence  he  deems  the 
common  hypothesis  insufficient,  and  adduces  several 
reasons  to  show  that  earthquakes  are  in  reality  electrio 
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shocks.  To  confirm  this  opinion,  he  notices,  among 
other  phenomena,  either  preceding  or  attending  earth¬ 
quakes,  that  the  weather  is  usually  dry  and  warm  for 
some  time  before  they  happen,  and  that  the  surface  of 
the  ground  is  thus  previously  prepared  for  that  kind  of 
electrical  vibration  in  which  they  consist;  while,  at  the 
same  time,  in  several  places  where  they  have  occurred, 
the  internal  parts,  at  a  small  depth  beneath  the  surface, 
were  moist  and  boggy.  Hence  he  infers,  that  they 
reach  very  little  beneath  the  surface.  That  the  south¬ 
ern  regions  are  more  subject  to  earthquakes  than  the 
northern,  he  thinks  is  owing  to  the  greater  warmth  and 
dryness  of  the  earth  and  air,  which  are  qualities  so 
necessary  to  electricity.  The  frequent  and  singular 
appearances  of  boreal  and  austral  aurora. ,  and  the 
variety  of  meteors  by  which  earthquakes  are  preceded, 
indicate  an  electrical  state  of  the  atmosphere. 

The  theory  of  M.  de  St.  Lazare  differs  from  the 
above  hypothesis,  as  to  the  electrical  cause.  It  as¬ 
cribes  the  production  of  earthquakes  to  the  interruption 
of  the  equilibrium  between  the  electrical  matter  dif¬ 
fused  in  the  atmosphere,  and  that  which  belongs  to  the 
mass  of  our  globe,  and  pervades  its  bowels.  If  the 
electrical  fluid  should  be  superabundant,  as  may  hap¬ 
pen  from  a  variety  of  causes,  its  current,  by  the  laws 
of  motion  peculiar  to  fluids,  is  carried  towards  those 
places  where  it  is  in  a  similar  quantity;  and  thus  it 
will  sometimes  pass  from  the  internal  parts  of  the  globe 
into  the  atmosphere.  This  happening,  if  the  equili¬ 
brium  be  re-established  without  difficulty,  the  current 
merely  produces  the  effect  of  what  M.  de  St.  Lazare 
calls  ascending  thunder;  but  if  this  re-establishment  be 
opposed  by  considerable  and  multiplied  obstacles,  the 
consequence  is  then  an  earthquake,  the  violence  and 
extent  of  which  are  in  exact  proportion  to  the  degree 
of  interruption  of  the  equilibrium,  the  depth  of  the 
electric  matter,  and  the  obstacles  which  are  to  be  sur¬ 
mounted.  If  the  electric  furnace  be  sufficiently  large 
and  deep  to  give  rise  to  the  formation  of  a  conduit  or 
issue,  the  production  of  a  volcano  will  follow,  its  suc¬ 
cessive  irruptions  being,  according  to  him,  nothing 
more  in  reality  than  electric  repulsions  of  the  sub¬ 
stances  contained  in  the  bowels  of  the  earth.  From 
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this  reasoning  he  endeavours  to  deduce  the  practicabi- 
lity  of  forming  a  counter-earthquake,  and  a  counter¬ 
volcano,  by  means  of  certain  electrical  conductors, 
which  he  describes,  so  as  to  prevent  these  convulsions 
in  the  bowels  of  the  earth. 

The  opinion  of  Signior  Beccaria  is  nearly  similar: 
and  from  his  hypothesis  and  that  of  Dr.  Stukeley,  the 
celebrated  Priestley  has  endeavoured  to  form  one  still 
more  general  and  more  feasible.  He  supposes  the 
electric  fluid  to  be  in  some  mode  or  other  accumulated 
on  one  part  of  the  surface  of  the  earth,  and,  on  account 
of  the  dryness  of  the  season,  not  to  diffuse  itself  rea- 
dily:  it  may  thus,  as  Beccaria  conjectures,  force  its 
way  into  the  higher  regions  of  the  air,  forming  clouds 
out  of  the  vapours  which  float  in  the  atmosphere,  and 
may  occasion  a  sudden  shower,  which  may  further  pro¬ 
mote  its  progress.  The  whole  surface  being  thus  un¬ 
loaded,  will,  like  any  other  conducting  substance,  re¬ 
ceive  a  concussion,  either  on  parting  with,  or  on  re¬ 
ceiving,  any  quantity  of  the  electric  fluid.  The  rushing 
noise  will  likewise  sweep  over  the  whole  extent  of  the 
country;  and,  on  this  supposition  also,  the  fluid,  in  its 
discharge  from  the  surface  of  the  earth,  will  naturally 
follow  the  course  of  the  rivers,  and  will  take  the  ad¬ 
vantage  of  any  eminences  to  facilitate  its  ascent  into 
the  higher  regions  of  the  air. 

Such  are  the  arguments  in  favour  of  the  electrical 
hypothesis;  but,  since  it  has  been  supported  with  so 
much  ability,  an  ingenious  writer,  Whitehurst,  in  his 
Inquiry  into  the  original  State  and  Formation  of  the 
Earth,  contends,  that  subterraneous  fire,  and  the  steam 
generated  from  it,  are  the  true  and  real  causes  of 
earthquakes.  When,  he  observes,  it  is  considered  that 
the  expansive  force  of  some  steam  is  to  that  of  gunpowder 
as  28  to  1,  it  may  be  conceded  that  this  expansive 
force,  and  the  elasticity  of  steam,  are  in  every  way  ca¬ 
pable  of  producing  the  stupendous  effects  attributed  to 
these  phenomena. 

Among  the  most  striking  phenomena  of  earth¬ 
quakes,  which  present  a  fearful  assemblage  of  the  com¬ 
bined  effects  of  air,  earth,  fire,  and  water,  in  a  state  of 
unrestrained  contention,  may  be  noticed  the  following. 
Before  the  percussion  a  rumbling  sound  is  heard,  pro- 
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seeding  either  from  the  air,  or  from  fire,  or,  per¬ 
haps,  from  both  in  conjunction,  forcing  their  way 
through  the  chasms  of  the  earth,  and  endeavouring  to 
liberate  themselves:  this,  as  has  been  seen,  likewise 
happens  in  volcanic  eruptions.  Secondly,  a  violent 
agitation  or  heaving  of  the  sea,  sometimes  preceding, 
and  sometimes  following,  the  shock.  Thirdly,  a  spout¬ 
ing-up  of  the  waters  to  a  great  height — a  phenomenon 
which  is  common  to  earthquakes  and  volcanos. 
Fourthly,  a  rocking  of  the  earth,  and,  occasionally, 
what  may  be  termed  a  perpendicular  rebounding;  this 
diversity  has  been  supposed  by  some  naturalists  to 
arise  chiefly  from  the  situation  of  the  place,  relatively 
to  the  subterraneous  fire,  which,  when  immediately 
beneath,  causes  the  earth  to  rise,  and  when  at  a  dis¬ 
tance,  to  rock.  Fifthly,  earthquakes  are  sometimes 
observed  to  travel  onward,  so  as  to  be  felt  in  different 
countries  at  different  hours  of  the  same  day.  This  may  be 
accounted  for  by  the  violent  shock  given  to  the  earth 
at  one  place,  and  communicated  progressively  by  an  un- 
dulatory  motion,  successively  affecting  different  regions 
as  it  passes  along,  in  the  same  way  as  the  blow  given 
by  a  stone  thrown  into  a  lake,  is  not  perceived  at  the 
shore  until  some  time  after  the  first  concussion. 
Sixthly,  the  shock  is  sometimes  instantaneous,  like  the 
explosion  of  gunpowder,  and  sometimes  tremulous, 
lasting  for  several  minutes.  The  nearer  to  the  ob¬ 
server  the  place  where  the  shock  is  first  given,  the 
more  instantaneous  and  simple  it  appears;  while,  ala 
greater  distance,  the  earth  seems  to  redouble  the  first 
blow,  with  a  sort  of  vibratory  continuation.  Lastly,  as 
the  waters  have  in  general  so  great  a  share  in  the  pro¬ 
duction  of  earthquakes,  it  is  not  surprising  that  they 
should  generally  follow  the  breaches  made  by  the  force 
of  fire,  and  appear  in  the  great  chasms  opened  in  the 
earth. 

The  following  views,  in  regard  to  the  cause  of  earth¬ 
quakes,  have  been  published  by  Sir  Richard  Phillips. 
Inasmuch  as  he  considers  that  there  are  no  subterra¬ 
neous  fires,  at  least  at  any  depth  in  the  earth,  heat, 
according  to  him,  being  mere  atomic  motion,  and  flame 
the  evolution  of  hydrogen  by  the  fixation  of  ox>gen,  so 
subterraneous  fires  have  no  concern  in  producing  these 
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phenomena:  moreover,  says  he,  the  required  depth  to 
affect  such  large  surfaces  would  be  beneath  the  primary 
formations,  where  the  substances  do  not  exist  whose 
combination  produces  sufficient  atomic  motion,  or  heat. 
Again,  as  Sir  Richard  denies  the  existence  of  any 
electric  fluid,  so  all  the  pretended  accumulations  of  such 
fluid,  must  be  fabulous.  The  circumstance,  however, 
of  ships  receiving  shocks  at  sea,  such  as  could  arise 
from  no  mechanical  impulsion,  and  the  fact  that  elec¬ 
trical  phenomena  are  propagated  through  water,  are 
conclusive,  to  his  mind,  that  the  cause  is  electrical,  and 
of  the  species  called  galvanic.  He  thinks  the  theory  ot 
Dr.  Stukeley  perfectly  satisfactory,  by  substituting  the 
word  galvanism  for  the  word  electrical,  taken  in  its 
common  meaning.  We  have  in  another  place  given 
Sir  Richard’s  theory  of  Electricity  and  Galvanism,  and 
we  have  only  to  conceive,  with  Dr.  Stukeley,  that  at  the 
time  of  an  earthquake  the  strata  of  the  earth  form  a 
galvanic  series,  which,  extending  and  acting  over  a 
large  surface,  would  affect  the  strata  in  the  abrupt 
manner  of  an  earthquake,  and  produce  effects  laterally, 
to  a  much  greater  distance.  In  a  word,  Sir  Richard 
calls  a  thunder-storm  a  natural  exhibition  of  ordinary 
electricity,  and  an  earthquake  a  natural  exhibition  of 
the  voltaic  pile,  and  he  remarks  that  the  obvious  re¬ 
medy  against  both,  would,  in  the  first  case,  be  to  erect 
metallic  conductors,  from  the  earth  to  the  region  of  the 
clouds,  and,  in  the  case  of  earthquakes,  to  drive  me¬ 
tallic  conductors  through  the  strata  which  form  the  gal¬ 
vanic  combination.  Such  are  the  general  causes  of 
earthquakes,  but  during  eruptions  of  volcanos,  the 
earth  trembles,  owing  to  the  vibration  of  the  explo¬ 
sions,  just  as  it  does  during  a  battle,  when  numerous 
artillery  are  employed,  and  earthquakes  of  this  descrip¬ 
tion  must  be  considered  as  mere  mechanical  impulses. 

The  focus  of  subterraneous  fires  is,  therefore,  at  a 
moderate  depth,  and  they  only  communicate  on  some 
points.  In  fact,  how  could  they  be  formed  in  the  bowels 
of  the  earth,  when  the  air  cannot  reach  them,  and  the 
granitic  base,  so  close  and  homogeneous,  opposes  cir¬ 
culation?  Still  the  globe  experiences  commotions, 
which  are  seen  to  shake  it  thoroughly ;  countries  where 
no  traces  of  volcanos  have  been  ever  perceived,  feel 
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earthquakes.  Such  is  Switzerland,  which  has  been 
always  subject  to  this  scourge  ;  and  that  of  December  9, 
1755,  is  remembered  with  horror,  as  it  shook  the  mass 
of  the  Alps  and  Pyrenees,  and  was  felt  through  the 
south  of  Europe. 


LECTURE  XXY. 

ON  COALS. 

Hence  sable  coal  his  massy  couch  extends, 

And  stars  of  gold  the  sparkling  pyrite  blends,  Darwin. 

The  coal  stratum,  which  next  claims  our  attention,  is, 
perhaps,  of  greater  importance  and  value  to  us,  than 
any  which  we  have  hitherto  considered;  inasmuch  as  it 
affords  some  of  the  most  essential  domestic  enjoyments  of 
civilized  life;  for,  peopled  and  cultivated  as  "England 
is,  and  therefore  possessing  but  few,  and  small  forests, 
the  comforts  of  its  inhabitants  are  greatly  augmented 
by,  and  may  be  said,  in  a  great  measure,  to  depend 
upon,  its  inexhaustible  deposits  of  coal. 

Coal,  in  greater  or  less  quantities,  is  found  in  most 
countries,  at  various  elevations,  (but  almost  all  the 
great  deposits  are  in  low  situations)  in  beds  lying  over 
each  other,  of  various  thicknesses,  having  between 
them,  beds  of  stony  or  earthy  matters ;  and  it  is  re¬ 
markable,  that  though  these  beds  of  coal  are  nearly 
horizontal,  they  are  never  quite  so,  but  sink  near  the 
middle,  so  that  a  section  would  give  the  idea  of  a  cup, 
or  basin. 

Coal  is  found  at  various  degrees  of  elevation  above  the  sea.  At 
Dee  Hill,  in  Shropshire,  there  are  coals  working,  1S00  feet  in  height* 
and  at  Richmond,  in  Yorkshire,  nearly  2200  feet;  but,  in  both  these 
Instances;  the  bed  of  coal  is  nearly  vertical,  owing  to  the  rising  up  of 
the  hills,  supporting  their  loftiest  terminations,  or  to  the  subsidence  of 
the  surrounding  country.  There  is  a  coal  deposit,  in  the  immediate 
vicinity  of  the  great  silver  mine  of  Pasco,  in  Peru,  which  is  about  3 
miles  above  the  level  of  the  sea.  This  coal  is  now  employed  in  the 
working  of  the  steam  engines,  sent  out  from  this  country,  to  drain 
that,  and  the  neighbouring  mines,  which,  previously,  had  been  almost 
abandoned,  owing  to  the  prevalence  of  water,  even  at  that  great  ele¬ 
vation.  Coal  is  found  also  in  North  America,  even  in  the  inhospitable 
frozen  deserts  visited  by  Capt.  Parry.  In  New'  Holland,  China,  Ja¬ 
pan,  and  most  countries  of  Europe,  it  is  found  in  abundance. 

It  is  generally  considered  that  there  are  three  forma- 
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lions  of  coal,  the  newest ,  the  floetz  trap ,  and  the  inde 
pendent.  The  newest  coal  formation  occurs  in  alluvial 
soils.  In  this,  the  strata  of  coal  are  not  parallel  to 
each  other,  and  the  earthy  strata  that  are  tound  be¬ 
tween,  consist  of  sand,  clay,  and  gravel. 

A  remarkable  deposit  of  this  kind  is  found  at  Bovey  Heathfield, 
near  Exeter;  it  is  a  brown  coal,  or  compact  carbonized  wood.  The 
thickness  of  the  whole  deposit,  including  the  beds  of  clay  w  ith  which 
it  is  interstratified,  is  70  feet.  There  are  six  beds  of  coal  and  as 
many  of  brownish  clay.  The  upper  bed  varies  from  18  inches  to  4 
feet  in  thickness,  and  each  succeeding  bed  is  thicker;  so  that  the  lower 
most  is  16  feet  thick,  reposing  on  a  bed  of  greenish  sand,  about  17  leet 
thick,  which  rests  on  a  bed  of  hard,  close  clay;  this  has  been  bored 
into  without  finding  coal.  The  whole  deposit  extends  about  a  nule, 
and  dips,  to  the  south,  10  inches  in  a  yard.  The  coal  is  dug  out,  for 
fuel,  from  an  extensive,  open  mine,  the  descent  to  winch  is  so  easy, 
that  horses  are  employed  to  carry  up  the  produce. 

The  coal  in  the  centre  of  the  lowest  bed,  is  of  a  black  coiour,  nearly 
as  heavy  as  pit-coal,  makes  a  strong  and  durable  fire,  and  is,  in  all 
respects,  a  perfect  mineral  coal.  The  other  beds  are  more  of  a  cho¬ 
colate  colour,  not  so  heavy,  and  with  more  the  appearance  of  wood, 
and  lie  in  pieces,  crossing  each  other,  in  all  directions,  and  which, 
when  split,  is  called  board  coal.  Some  pieces  are  found,  which  have 
the  knots  of  wood  in  them,  in  one  part,  while  another  portion  ot  the 
same  piece  is  converted  into  perfect  mineral  coal.  So  that  Nature  is, 
in  this  instance,  seen  in  the  very  act  of  forming  mineral  coal,  from 

vegetable  matter.  .  ,  .  . 

Various  speculations  have  been  entertained  with  regard  to  the  on- 
°-in  of  Bovey  coal.  But,  when  we  consider  that  the  low  land  on 
which  it  is  found  is  almost  surrounded  by  a  range  of  hills,  that  lie  at 
the  feet  of  Dartmoor  and  Haldon,  and  has  every  appearance  of  having 
once  been  a  morass,  and  that  the  neighbouring  high  land  exhibits 
traces  of  numerous  stumps  of  trees,  of  immense  size,  which,  fiom  their 
organization,  appear  to  have  belonged^  to  the  fir  tribe,  it  will  not 
appear  very  difficult  to  discover  the  origin  of  Bovey  coal* 

The  clay  near  the  coal  is  bituminous,  and  contains  lumps,  of  a  bright 
yellow  colour,  extremely  light;  they  burn  like  sealing-wax,  and  emit 
a  very  agreeable  aromatic  scent.  They  appear  to  be  the  resinous  pro¬ 
duct  of  "trees  which  have  undergone  some  chemical  process,  by  being 
buried  in  the  earth  for  many  ages.  It  is  remarkable,  that  amber  is 
found,  under  similar  circumstances,  in  Prussia.  There,  under  a  stra¬ 
tum  of  clay  and  sand,  is  found  a  bed  of  trees,  40  or  50  feet  thick,  in  a 
half  decomposed  state,  impregnated  with  iron  pyrites  and  bitumen. 
In  this  stratum  are  occasionally  found  pieces  of  wood,  penetrated  by 
veins  of  amber.  The  half-mineralized  wood  rests  upon  a  bed  of  py¬ 
rites  among  which  are  frequently  found  masses  of  amber,  adhering,  by 
one  side,  to  the  trees.  The  miners  who  are  employed  to  procure  the 
amber,  sink  through  the  trees,  and  then  drive  three  drifts  along  the 
under  surface,  where  the  amber  is  found  in  greatest  quantity.  The 
similarity  of  this  deposit  to  the  Bovey  coal,  warrants  the  expectation, 
that  this  subterranean  forest  will,  in  future  ages,  yield  important  ser¬ 
vices  to  man  in  the  shape  of  coal.  A  similar  deposit  is  now  forming 
on  the  Missouri,  in  North  America,  where  the  trunks  of  trees  floated 
down  the  stream,  have  become  packed  together,  forming  a  bridge,  not 
less  than  3  miles  in  length,  and  which  is  continually  increasing.  Thia 
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may,  to  future  generations,  furnish  an  example  of  the  newest  coal  for¬ 
mation. 

The  coal  formation  next  in  point  of  age,  is  that  to 
which  Weiner  has  given  the  name  newest  Jloetz  trap , 
the  result,  as  he  conceives,  of  deluges.  It  is  also  occa¬ 
sionally  found  in  rocks  of  sandstone  and  lime,  which 
accompany  the  independent  coal  formation.  In  this  the 
coal  is  generally  covered  with  clay  or  basalt,  in  which 
are  found  neither  vegetable  impressions  nor  animal  re¬ 
mains.  The  strata  are  not  so  numerous  as  in  that  for¬ 
mation  called  independent;  nor  are  they  so  perfectly 
parallel  with  each  other.  The  chief  collieries  of  France 
and  Scotland  are  of  this  description.  They  yield,  prin¬ 
cipally,  the  varieties  called  pitch  coal  and  moor  coal,  not 
often  slate  coal. 

The  independent  coal  formation  is  that  of  most  im¬ 
portance;  it  is  so  called,  because  the  individual  deposi¬ 
tions,  or  beds,  are  not  connected,  but  independent  of 
each  other. 

This  formation  consists  of  remarkably  parallel  strata 
of  coal,  covered  by  strata  of  indurated  clay,  called 
shale,  containing  the  impressions  of  vegetables,  and 
sometimes  the  remains  of  shell  fish.  This  shale  is 
never  found  in  either  of  the  two  coal  formations  before 
described,  but  it  is  peculiar  to  the  independent,  and 
always  accompanies  it. 

The  coals  of  England  chiefly  belong  to  this  class, 
and  are  scattered  over  a  considerable  extent  of 
country.  The  most  southern  is  a  small  one,  lying  at 
the  N.  E.  termination  of  the  Mendip  Hills,  in  Somer¬ 
setshire.  Two  or  three  small  patches  are  found  to  the 
north  of  that  point;  then  comes  the  more  extensive 
deposit  of  Ringswood,  and  Micklewood,  near  Bris¬ 
tol ;  to  the  north-west  of  which,  and  on  the  other 
side  of  the  Severn,  is  found  the  coal  of  the  Forest  of 
Dean. 

Coal  again  occurs,  near  Stourport,  in  Worcester¬ 
shire,  whence  it  ranges  in  a  direction  nearly  north,  and 
with  little  interruption,  to  Chester,  and  beyond  it,  on 
both  banks  of  the  Dee. 

An  immense  deposit,  of  which  the  most  southern 
point  is  near  Nottingham,  ranges  through  Derbyshire, 
Yorkshire,  Durham,  and  Northumberland,  quite  to 
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the  Tweed.  In  this  long  range,  the  coal  is  not  abso¬ 
lutely  connected,  but  the  interruptions  are  not  consider¬ 
able.  Abundance  is  again  found  at  Whitehaven,  on 
the  north-western  coast  of  England.  Besides  the  fore¬ 
going,  are  many  small  insular  patches,  on  the  north¬ 
east  and  north-west  of  Birmingham.  In  Wales  there 
is  also  a  large  deposit,  on  its  southern  coast. 

The  coal  of  England  and  Wales  is  found  mostly 
lying  above  mountain  limestone,  between  which  and 
the°coal,  are  some  interposed  beds  of  sandstone,  or 
o-rit,  containing  rounded  masses  of  quartz.  This  is 
occasionally  of  a  character  which  admits  of  its  being 
used  for  millstones,  and  has  therefore  been  denomi¬ 
nated  the  millstone  grit.  Mowcop  Hill,  near  the  Staf¬ 
fordshire  potteries,  furnishes  a  good  example  of  this 
rock;  the  grains  are  very  large  in  some  parts,  and 

thin  veins  of  barytes  traverse  it. 

The  rocks  which  are  interstratified  with  coal  are, 
sandstone,  slaty  micaceous  sandstone,  slate  clay  01 
shale,  clay  ironstone,  and  fire  clay  or  marl;  these  are 
the  most  usually  met  with:  limestone,  clay  poiphyry, 
and  greenstone,  are  of  more  rare  occurrence. 

The  sandstones  of  the  coal  formation  are  composed 
of  siliceous  particles  of  various  degrees  of  fineness, 
cemented  together  by  a  calcareous  or  argillaceous 
paste;  they  frequentlv  contain  impressions  of  large 
seeds,  and  stems  of  trees,  but  they  are  seldom  more 
than  mere  casts,  for  rarely  does  any  vegetable  matter 
remain.  Sometimes,  however,  trees,  or  their  roots, 
are  found,  in  which  the  body  is  occupied  by  sandstone, 
while  the  bark  is  converted  into  coal.  These  some¬ 
times  lie  in  a  horizontal  position,  and  are  compressed, 
as  if  with  great  force,  into  a  flattened  form,  while 
others  are  found  erect,  as  it  in  the  position  in  which 

they  grew.  . 

Coal  sandstones  are  often  micaceous,  and  therefore 

split  easily,  and  form  a  cheap,  durable,  and  ornamental 
building  stone.  Slate  clay,  or  shale,  is  usually  very 
abundant;  it  is  a  dull,  earthy  mineral,  which  easily 
splits  into  thin  plates.  It  decomposes  rapidly,  when 
exposed  to  the  atmosphere;  its  colour  vanes  from 
black,  to  blueish  black,  grey,  or  reddish.  The  shale 
at  Ape  Dale,  beyond  Newcastle  under  Line,  presents 
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the  most  beautiful  impressions  of  the  barks  of  canes, 
and  other  exotic  vegetables,  ever  seen;  some  of  them 
are  of  the  most  delicate  organization  that  can  be  ima¬ 
gined,  and  unlike  any  thing  with  which  naturalists  are 
acquainted. 

Impressions  of  fishes,  of  muscles  and  snails,  are  not  uncommon. 
The  most  remarkable  examples  of  these  occur  in  the  shale  of  Mount 
Bolca,  in  the  Veronese  territory,  where  a  great  number  of  fish  are 
enclosed,  which  seem  to  have  been  surprised  almost  instantaneously, 
as  most  of  them  appear  to  struggle,  and  one  is  in  the  very  act  of  swal¬ 
lowing  another.  Among  them,  naturalists  have  recognised  27  kinds 
of  fish  of  the  European  seas,  39  of  the  Asiatic,  3  of  the  African,  18  of 
South  America,  11  kinds  of  fish  of  North  America,  and  7  kinds  of  fresh 
water  fish  of  different  parts  of  the  world. 

In  the  neighbourhood  of  the  Potteries,  in  Staffordshire,  the  shale 
abounds  with  remains,  of  a  yellowish  colour,  resembling  the  petals  of 
flowers;  in  Shelton,  the  fossil  is  found,  which  is  like  a  cane  in  the 
stem,  but  has  linear  leaves,  like  grass,  issuing  from  all  parts  of  it. 
The  organic  remains  found  in  shale,  are  always  in  a  state  of  great 
compression;  whether  vegetable  or  animal,  they  are  crushed  flat,  and 
always  lie  in  the  direction  of  the  thin  plates  which  form  the  rock,  and 
npver  across  them ;  w'hich  must  have  been  caused  by  the  action  of 
water  floating  them  on  in  layers. 

Clay  ironstone  is  generally  found  interstratified  with 
shale,  or  fire  clay;  it  is  either  in  flattened  nodules, 
detached  from  each  other,  or  in  beds,  which  frequently 
are  only  two  or  three  inches  in  thickness,  and  rarely 
exceed  six  inches.  This  substance  increases  in  weight 
in  proportion  to  the  quantity  of  iron  it  contains.  Nearly 
the  whole  of  our  English  iron  is  made  from  this  sub¬ 
stance,  which  sometimes  contains  50  per  cent,  of  iron, 
but  rarely  more  than  from  20  to  25  per  cent.  That  which 
is  procured  at  Ape  Dale  is  of  a  very  fine  kind.  The  no¬ 
dules  of  ironstone,  found  of  a  flattened  shape,  and  about 
3  inches  wide,  generally  contain  some  vegetable  remains, 
mostly  of  the  fern  kind.  Near  the  bottom  of  the  coal 
basin  on  which  the  Staffordshire  Potteries  are  situated, 
there  is  a  layer  of  ironstone,  full  of  shells  of  the  muscle 
kind;  a  similar  layer,  18  inches  thick,  is  found  in  Der¬ 
byshire,  extending  from  Stavely  to  Tupton  Moor. 

Fire  clay  is  a  substance  which  has  received  no  parti¬ 
cular  mineralogical  name;  its  colour  is  grey,  of  va¬ 
rious  shades,  but  usually  light  smoke  grey.  It  is  very 
soft,  and  its  fracture  earthy.  It  often  contains  im¬ 
pressions  of  reeds,  rushes,  and  other  aquatic  plants. 
When  decomposed,  by  exposure  to  the  air,  and  ground 
fine,  it  makes  the  finest  crucibles,  and  other  articles. 
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which  are  required  to  endure  intense  heats,  as  in  glass¬ 
houses,  and  furnaces.  1 

Having  described  the  general  circumstances  under 
which  coal  is  found,  we  shall  now  proceed  to  a  more 
particular  description  of  the  principal  deposits  of  this  im¬ 
portant  article.  The  great  coal  field  of  South  Wales, 
extending  from  Pontypool  to  St.  Bride’s  Bay,  belongs 
to  the  independent  formation,  and  is  situated  in  a  lime¬ 
stone  basin,  the  length  of  which  is  about  100  miles;  the 
average  breadth  in  Pembrokeshire  is  from  3  to  5  miles, 
and  in  the  other  counties  from  18  to  20  miles,  but  is 
broken  into  by  Swansea  and  Carmarthen  bays.  The 
deepest  part  of  this  basin  is  near  Neath;  the  lowest 
strata  of  coal  are  near  1400  yards  lower  than  the  outcrop 
of  some  of  the  superior  strata  in  some  of  the  hilly  parts 
of  the  district.  The  upper  bed  of  coal  lies  about  120 
yards  deep  in  the  centre,  and  rises  at  about  a  mile  dis¬ 
tance  north  and  south;  and  also  a  few  miles  east  and 
west  of  the  deepest  part  of  the  basin;  between  the  out¬ 
crop  of  this  top  coal  and  the  limestone,  all  the  lower 
coals  creep  out  in  succession,  the  outcrop  of  the  bottom 
coal  being  of  course  next  to  the  limestone. 

There  are  12  beds  of  coal,  from  3  to  9  feet  thick, 
making  together  70|  feet  of  coal.  Also  11  others,  from 
18  inches  to  3  feet  thick,  making  together  24J  feet;  so 
that  there  are  95  feet  of  workable  coal,  besides  numerous 
smaller  beds,  from  6  to  18  inches  thick;  by  taking  the 
average  length  and  breadth  of  the  whole  coal  field,  it 
may  be  stated  at  1000  square  miles,  containing  95  feet 
of  coal  in  23  strata,  which  in  the  common  way  of  working- 
wili  produce  100,000  tons  per  acre,  or  64  millions  of 
tons  per  square  mile:  64  millions  of  tons  is  a  quantity 
which  will  not  soon  be  exhausted. 

The  regular  course  of  the  coal  in  this  district  is  frequently  deranged 
by  dislocations  or  faults.  These  irregularities  are  not  confined  to  the 
edges  of  the  strata,  but  take  grand  ranges  through  the  interior  of  the 
basin,  rending  the  whole  to  pieces,  and  throwing  the  strata  up  and 
dow  n,  to  the  extent  of  80,  160,  or  200  yards  at  a  time. 

The  coal  on  the  north-eastern  side  of  this  deposit  is  of  a  coking 
quality;  on  the  north-western  it  is  stone  coal ;  and  on  the  south  side  it 
is  principally  of  a  bituminous  or  binding  quality. 

In  Gloucestershire,  the  coal  is  bounded  by  limestone;  these  rocks 
begin  at  Cromhall,  and  meet  again  in  Somersetshire ;  thus  giving  to  the 
basin  an  elliptical  form.  Coal  is  found  every  where  within  this  dis¬ 
trict,  but  is  most  abundant  in  the  Forest  of  Dean,  where  no  fewer  than 
120  coal  pits  are  worked. 
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The  Wrekin,  in  Shropshire,  is  composed  of  greenstone,  sandstone* 
and  a  rock  having  the  appearance  of  a  pudding-stone;  it  rises  from 
the  plain  near  the  banks  of  the  Severn,  forming  a  ridge  two  mile3  in 
length.  On  the  east  side  of  this  mountain  lies  the  coal  district  of 
Colebrook  Dale;  this  is  about  eight  miles  long  and  two  broad.  The 
whole  of  this  district  is  considerably  above  the  level  of  the  plain  of 
Shropshire ;  and  the  southern  parts  of  it  are  not  less  than  500  feet  above 
the  surface  of  the  Severn.  It  is  composed  of  the  usual  members; 
namely,  siliceous  sandstone,  indurated  clay,  slate  clay,  and  coal,  al¬ 
ternating  with  each  other  without  much  regularity.  The  whole  series 
is  most  complete  at  Madely  colliery,  where  a  pit  has  been  sunk  264 
yards,  through  all  the  beds,  86  m  number,  that  constitute  this  forma¬ 
tion.  ’  The  sandstones,  which  make  part  of  the  first  30  strata,  are  fine¬ 
grained,  considerably  micaceous,  and  often  contain  thin  plates,  and 
minute  fragments  of  coal.  The  31st  and  33d  strata  are  coarse-grained 
sandstone,  entirely  penetrated  by  petroleum ;  they  are  both  together 
1 51  feet  thick,  and  furnish  the  supply  that  issues  from  the  spring  of 
mineral  tar  at  Coalport.  Clay  porphyry  occurs  but  once  in  the  series, 
it  forms  a  bed  9  inches  thick,  at  75  feet  in  depth  from  the  surface;  its 
character  is  the  same  as  that  lately  found  in  Hanley,  in  Staffordshire. 
The  first  bed  of  coal  occurs  at  the  depth  of  34  yards,  and  is  only  4 
inches  thick;  nine  other  beds,  somewhat  thicker,  lie  between  this  and 
the  depth  of  132  yards.  They  are  termed  stinking  coal,  are  very 
sulphureous,  and  are  only  used  for  burning  lime.  The  first  bed  of 
coal  that  is  wrought  is  5  feet  thick;  beneath  which  is  one  10  inches, 
and  another  3  feet  thick;  besides  nine  beds,  whose  aggregate  thickness 
is  16  feet.  But  of  the  numerous  beds  visible  in  this  colliery,  some  are 
wanting  in  the  neighbouring  ones;  for  the  strata  have  undergone  such 
violen ^changes  and  dislocations.  The  middle  part  of  the  coal  field 
has  either  been  elevated,  or  the  sides  have  fallen  down ;  as  the  cor¬ 
responding  strata  are  from  1  to  2 00  yards  lower  on  the  east  and  west 
sides  than  in  the  middle. 

The  coal  strata  of  Derbyshire  are  traversed,  and 
dislocated  by  an  immense  fault,  proceeding  in  a  zig-zag 
direction  from  south  to  north.  By  this  means  the  coals 
are  thrown  into  such  confusion,  that  it  is  almost  impos¬ 
sible  to  calculate  with  any  certainty  upon  the  position 
of  them.  The  strata  of  which  the  whole  formation  con¬ 
sists,  are  numerous ;  there  are  20 gritstone  beds ;  numer¬ 
ous  strata  of  shale  and  indurated  clay,  alternating  with 
several  beds  of  coal  of  different  thickness  and  value. 
The  whole  series  lies  upon  the  millstone  grit,  beneath 
which  no  coal  is  found.  Some  of  the  gritstone  beds 
contain  a  sort  of  muscle  and  anomia  shells,  but  they  are 
rare.  Others  enclose  ironstone,  containing  coaly  impres¬ 
sions  of  vegetables. 

Besides  the  great  fault  just  noticed,  as  traversing  the 
coal  from  north  to  south,  there  is  a  very  extensive  one 
which  runs  nearly  east  and  west,  proceeding  from  near 
Nottingham.  The  effect  of  this  is  very  important,  as  the 
coal  on  the  north  of  it  is  raised  to  a  level  with  the  red 
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marl  on  the  south;  that  is,  the  coal,  which,  in  all  its 
natural  situations,  is  below  the  red  marl,  is  here 
thrown  up  to  it. 

The  Whitehaven  coal  mines  on  the  coast  of  Cumber- 
land,  have  their  inclination  or  dip  of  the  beds  nearly 
west,  the  fall  being’  1  yard  in  10.  The  strata  are  fre¬ 
quently  interrupted  by  dykes  and  fissures,  producing1 
dislocations  to  the  depth  of  120  feet.  In  a  depth  ot 
230  yards,  there  are  7  large  beds  of  coal,  besides  18 
thin  beds,  not  worth  working.  Two  collieries  have 
been  established  on  the  coal  fields  in  the  vicinity  oi 
Whitehaven,  one  of  which  extends  over  an  area  ol 
i  2300  acres,  and  is  carried  under  the  bed  of  the  sea,  for 
the  space  of  900  yards.  One  pit  is  wrought  to  the  ex¬ 
traordinary  depth  of  298  yards;  and  is  supposed  to  be 
the  deepest  coal  pit  in  Britain. 

The  coal  mines  of  Whitehaven  may  be  considered 
as  the  most  extraordinary  in  the  known  world.  They 
j  are  excavations  which  have  in  their  structure  a  consi- 
1  derable  resemblance  to  the  gypsum  quarries  of  Paris, 
and  are  of  such  a  magnitude  and  extent,  that  in  one  oi 
j  them  alone,  a  sum  exceeding  half  a  million  sterling, 
was,  in  the  course  of  a  century,  expended  by  the  pro¬ 
prietors.  Their  principal  entrance  is  by  an  opening  at 
the  bottom  of  a  hill,  through  a  long  passage  hewn  in 
the  rock,  leading  to  the  lowest  vein  of  coal.  The 
greatest  part  of  this  descent  is  through  spacious  gal  ¬ 
leries,  which  continually  intersect  other  galleries,  all 
the  coal  being  cut  away,  with  the  exception  of  large 

(pillars,  which,  where  the  mine  runs  to  a  considerable 
depth,  are  nine  feet  in  height,  and  about  36  feet  square 
at  the  base.  Such  is  the  strength  there  required  to 
i  support  the  ponderous  roof 

The  mines  are  sunk  to  the  depth  of  130  fathoms, 
and  are  extended  under  the  sea,  to  places  where  there 
is  above  them  sufficient  depth  of  water  for  ships  of 
large  burden.  These  are  the  deepest  coal-mines  which 
have  ever  been  wrought;  and  perhaps  the  miners  have 
not  in  any  other  part  of  the  globe  penetrated  to  so  great 
a  depth  beneath  the  surface  of  the  sea;  the  very  deep 
j  mines  in  Hungary,  Peru,  and  elsewhere,  being  si- 
t  tuated  in  mountainous  countries,  where  the  surface  of 
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the  earth  is  elevated  to  a  great  height  above  the  level 
of  the  sea. 

In  these  mines  there  are  three  strata  of  coal,  which 
lie  at  a  considerable  distance  one  above  the  other,  and 
are  made  to  communicate  by  pits;  but  the  vein  is  not 
always  continued  in  the  same  regularly  inclined  plane, 
the  miners  frequently  meeting  with  hard  rock,  by 
which  their  further  progress  is  interrupted.  At  such 
places  there  seem  to  have  been  breaks  in  the  earth, 
from  the  surface  downward,  one  portion  appearing  to 
have  sunk  down,  while  the  adjoining  part  has  preserved 
its  ancient  situation.  In  some  of  these  places,  the  earth 
has  sunk  20  fathoms,  and  even  more,  while  in  others, 
the  depression  has  been  less  than  one  fathom.  These 
breaks  the  miners  call  dykes;  and  when  they  reach  one 
of  them,  their  first  care  is  to  discover  whether  the 
strata  in  the  adjoining  part  are  higher  or  lower  than 
in  the  part  where  they  had  been  working,  or,  according 
to  their  own  phrase,  whether  the  coal  be  cast  down  or 
cast  up.  In  the  former  case  they  sink  a  pit;  but  if  it 
be  cast  up  to  any  considerable  height,  they  are  fre¬ 
quently  obliged,  with  great  labour  and  expense,  to 
carry  forward  a  level  or  long  gallery,  through  the  rock, 
until  they  again  reach  the  strata  of  coal. 

The  coal  district  of  Northumberland  and  Durham  is 
of  greater  magnitude  and  importance  than  any  in  the 
world.  It  supplies  London  and  all  the  eastern  and 
southern  coasts  of  the  island  with  coals.  The  quantity 
of  coal  which  it  annually  yields,  is  scarcely  inferior  to 
what  is  furnished  by  all  Europe,  out  of  Great  Britain. 

This  great  coal-field  may  be  said  to  be  included  in  a  kind  of  O  i 
angle,  comprehending  about  80  miles  of  coast.  The  country  rises  as 
it  recedes  from  the  sea,  until  we  arrive  at  the  top  of  Cross  Felg  one 
of  the  highest  mountains  in  England,  being  2901  feet  above  the  level 
of  the  sea.  The  whole  tract  consists  of  a  series  of  beds  which  dip  to¬ 
ward  the  east,  so  that  the  lowest  of  them,  which  near  the  sea  is  at  a 
great  depth,  rises  to  the  surface  at  Cross  Fell,  and  then  by  its  dip 
eastward,  is  calculated  to  lie  774  yards  below  the  lowest  of  the  New¬ 
castle  beds  at  that  town. 

There  are  40  beds  of  coal  in  this  field,  but  many 
of  them  are  inconsiderable  in  point  of  thickness.  The 
two  most  important  are  distinguished  by  the  names  of 
High  Main  and  Low  Main.  The  thickness  of  the  first 
is  six  feet,  and  that  of  the  second  six  feet  and  six 
inches;  one  is  120  yards  above  the  other,  and  eight 
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beds  are  found  between  them,  one  of  which  is  four  feet 
and  another  eight  feet  thick.  These  beds  yield  about 
700,000  chaldrons,  or  1,500,000  tons,  annually,  for  ex¬ 
portation,  giving  employment  to  nearly  1000  vessels. 

The  mine  at  Felling  was  considered,  by  the  work¬ 
men,  as  a  model  of  perfection,  in  the  purity  of  its  air 
and  orderly  arrangements ;  but  in  May,  1812,  an  explo¬ 
sion  of  fire-damp  took  place  in  this  colliery,  in  two 
heavy  discharges.  A  slight  trembling,  as  from  an  earth¬ 
quake,  was  felt  half  a  mile  round,  and  the  noise,  though 
dull,  was  heard  3  or  4  miles  :  93  persons  perished  by  this 
explosion ! 

The  annexed  accurate  section  of  the  Newcastle  coal- 
!  mine  will  be  found  highly  gratifying  to  every  inquirer 
i  into  the  nature  of  strata  of  coal  countries. 

The  total  annual  consumption  of  pit-coal  in  England 
;  stated  to  be  23,699,400  tons.  A  ton  is  about  a  cubic 
yard,  and,  taking  one  yard  in  thickness  as  the  basis  of 
calculation,  it  will  give  305  yards  per  square  mile  of 
i  annual  supply.  And,  supposing  the  coal  to  extend 
[  throughout  the  whole  sub-surface  of  the  country,  then 
the  whole  quantity  would  be  exhausted  in  about  10,000 
i  years.  But  recent  observations  in  some  of  the  Staf¬ 
fordshire  mines,  have  shewn  that  where  some  of  them 
i  have  been  worked  out,  the  workmen  have  only  to  work 
lower,  and  they  find  stratum  below  stratum,  beyond  all 
conjecture  where  they  will  stop.  Thus,  we  might  fur¬ 
nish  all  the  world  for  a  thousand  years  with  coals  with¬ 
out  fear  of  exhaustion. 

The  most  memorable  colliery  or  coal-work  that  we  have  ever  had 
in  this  island,  was  that  wrought  at  Burrowstoanness,  under  the  sea. 
The  veins  of  coal  were  found  to  continue  under  the  bed  of  the  sea  in 
this  place,  and  the  colliers  had  the  courage  to  work  the  vein  near 
half  way  over;  there  being  a  moat  half  a  mile  from  the  shore,  where 
there  was  an  entry  that  went  down  into  the  coal-pit  under  the  sea. 
This  was  made  into  a  kind  of  round  quay  or  moat,  as  they  call  it', 
built  so  as  to  keep  out  the  sea,  which  flowed  there  12  feet.  Here  tlm 
coals  were  laid,  and  a  ship  of  that  draught  of  water  could  lay  her  side 
to  the  moat,  and  take  in  the  coal.  The  fresh  water  which  sprung 
from  the  bottom  and  sides  of  the  coal-pit,  was  always  drawn  out  upon 
the  shore  by  an  engine,  moved  by  water,  that  drew  it  40  fathoms. 
This  coal-pit  continued  to  be  wrought  many  years,  to  the  great  profit 
of  the  owners,  and  the  wonder  of  all  that  saw  it;  but,  at  last,  an  un¬ 
expected  high  tide  drowned  the  whole  at  once;  the  labourers  had  not 
time  to  escape,  but  perished  in  it. 

Coal  is  never  found  in  the  primitive  nor  transition 
I  rocks,  but  in  a  third  class  of  rocks  very  regularly  stra- 
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tilled,  the  most  common  of  which  are,  1st,  sandstone; 
2nd,  slate  clay;  3rd,  indurated  fire  clay;  4th,  argilla¬ 
ceous  ironstone;  5th,  limestone;  6th,  greenstone.  In 
the  coal,  and  in  all  its  accompanying  strata,  distinct 
organic  remains  are  found,  belonging  to  the  animal  and 
vegetable  kingdom. 

Coals  are  among  the  greatest  blessings  conferred  on 
civilized  countries,  and  a  chief  cause  of  our  national 
prosperity.  We  have  fuel  without  woods,  and  better 
fuel  for  every  purpose  of  manufactures  than  any  other 
kind.  Great  Britain  yields  seven  varieties  of  coal,  as 
follows: 

Cubical  Coal  is  black,  shining,  compact,  and  mode¬ 
rately  hard;  when  wrought,  it  turns  out  in  quadrangular 
masses,  and  when  broken  small,  the  fragments  are  cu¬ 
bical.  The  lameliated  structure,  or  what  is  termed  the 
reed  of  the  coal,  is  always  parallel  to  the  bed  or  strata 
upon  which  it  rests,  as  is  the  general  case  of  all  coals, 
with  a  very  few  exceptions.  Of  this  coal  there  are 
two  kinds,' the  caking  coal,  and  the  open  burning  coal. 
The  caking  coal  of  the  best  kinds,  however  small  wnen 
kindled,  undergoes  a  semi-fusion,  and  unites  into  a 
solid  mass.  The  open  burning  coal,  burns  more  ra¬ 
pidly  than  the  former,  with  much  flame  and  heat;  the 
caking  coal  is  very  abundant  in  England,  the  other  is 
abundant  both  in  England  and  Scotland.  The  cubical 
coals  which  unite  when  set  on  fire,  are  known  by  the 
name  of  caking  or  smithy  coals;  the  open  burning 
coals  by  the  name  of  rough  coal,  cheery  coal,  and  clod 
coal. 

Slate  Coal  is  black,  compact,  and  much  harder  than 
the  first  species;  dull  in  the  colour;  in  working  turns 
out  in  large  quadrangular  masses,  which  can  with  ease 
be  split  into  very  thin  pieces,  similar  to  slates;  hence 
the  name.  This  coal  is  open  burning,  and  produces 
much  flame  and  smoke;  it  contains  a  greater  propor¬ 
tion  of  white  ashes  than  the  cubical  coals.  Some  of 
the  inferior  kinds  of  this  coal  burn  with  difficulty,  and 
produce  a  great  quantity  of  white  ashes.  This  coal  is 
commonly  known  by  the  name  of  splint  coal. 

Glance  Coal  is  black,  with  bright  metallic  lustre, 
and  brittle;  it  has  the  external  characters  of  the  pre¬ 
ceding  species  of  coals,  but  the  chemical  properties  of 
charcoal,  hence  termed  by  some  mineralogists  native 
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mineral  carbon.  It  burns  with  considerable  heat,  with 
a  blue  lambent  flame,  produces  no  smoke,  and  leaves  a 
small  proportion  of  ashes;  it  appears  to  have  a  portion 
of  sulphur  in  direct  combination,  so  that  in  burning'  it 
gives  out  a  most  suffocating  effluvia;  it  produces  no 
soot,  but,  on  the  contrary,  whitens  the  places  where 
the  fumes  are  condensed.  This  kind  of  coal  abounds 
in  Ireland,  and  is  known  by  the  name  of  Kilkennv 
coal;  it  is  the  blind  coal  of  Scotland,  and  the  malting, 
or  stone  coal  of  Wales. 

Cannel  Coal  is  black,  with  little  lustre;  in  working  it 
turns  out  four-sided  columnar,  breaks  with  a  conchoidal 
fracture,  in  any  direction,  like  pitch,  ignites  very  easily, 
and  burns  with  a  very  bright  flame  like  a  candle,  from 
which  it  derives  its  name.  It  is  found  very  abundant 
in  the  coal  field  at  Wigan,  in  Lancashire,  where  there 
is  an  entire  stratum  of  it  about  four  feet  thick,  without 
a  mixture  of  any  other  coal.  It  produces  very  little 
dust  in  working,  and  does  not  soil  the  fingers  as  the 
other  coals  do;  varieties  of  this  coal  are  found  in  Scot¬ 
land,  forming  frequently  part  of  the  thickness  of  the 
common  coals.  What  is  termed  pitch  coal  by  some 
mineralogists,  is  only  a  variety  of  this  species.  The 
cannel  coal,  when  first  kindled,  decrepitates  very  much, 
throws  the  burning  splinters  to  a  distance,  and  is  on 
this  account  dangerous;  it  is  said  that  this  fault  is  cor¬ 
rected  by  immersing  the  coals  for  some  time  in  water, 
previous  to  their  being  used  for  fuel.  In  Scotland,  this 
coal  is  termed  parrot  coal,  or  bottle  coal. 

Sulphureous  Coal  is  of  a  dull  black  colour,  mixed 
with  a  great  proportion  of  pyrites.  Though  pyrites  is 
found  in  distinct  pieces  in  coal,  this  occurrence  does 
not  constitute  it  a  sulphureous  coal,  because  the  py¬ 
rites  can  easily  be  picked  out;  but  sulphureous  coal, 
properly  so  called,  has  the  pyrites  so  interwoven  with 
its  texture  in  small  veins,  or  so  intimately  combined 
with  the  principles  of  the  coal,  that  the  sulphureous 
parts  cannot  be  separated.  It  is  very  unsafe  to  work 
such  coals,  because  if  any  quantity  of  the  small  coals 
produced  in  working  is  left  below  ground,  a  decompo¬ 
sition  ensues,  heat  is  generated,  and  the  mine  is  set  on 
fire,  of  which  there  have  been  many  instances. 

Culm  Coal  is  of  a  dull  black  colour,  small  and  dusty ; 
by  some  mineralogists  it  is  reckoned  a  distinct  kind  of* 
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coal,  at  least  such  is  said  to  be  the  case  in  Sweden. 
What  is  termed  culm,  in  Great  Britain,  is  the  refuse 
or  small  dusty  coal  produced  in  working  the  common 
coals. 

Bovey  Coal,  or  bituminous  wood,  is  found  in  alluvial 
land,  though  some  mineralogists  affirm  that  it  is  found 
in  the  rock  stratification.  It  is  composed  of  trees* 
reeds,  and  rushes  imbedded  in  the  alluvial  earth,  the 
form  of  the  trees,  the  ligneous  and  fibrous  texture, 
being,  in  most  cases,  distinct;  their  texture  is  impreg¬ 
nated  with  petroleum,  and  combinations  of  the  sulphuric 
acid.  When  first  dug  up,  the  fibres  are  flexile;  in 
burning,  it  produces  little  heat,  *and  a  very  unpleasant 
smell,  and  is  only  used  where  other  kinds  of  fuel  are 
scarce  and  high  in  price.  In  England  it  is  found  in 
greatest  abundance  at  Bovey,  near  Exeter,  from  which 
it  derives  its  name;  it  also  abounds  in  many  parts  of 
the  continent,  particularly  in  Germany. 

The  cubical  and  slate  coals  are  chiefly  used  as  fuel  in  private  houses, 
and  in  all  manufactories  where  a  strong  heat  is  required;  the  caking 
coals  are  most  suitable  for  smith’s  fires;  when  any  of  these  coals  are 
made  into  coke,  they  produce  an  intense  heat  in  the  blast  furnace 
for  the  making  of  iron,  being  used  with  success  in  place  of  charcoal; 
the  slate  coals  of  the  best  kinds  suit  this  purpose  excellently,  as  from 
their  strong  texture  they  bear  a  heavy  load  of  ironstone  and  a  strong 
blast. 

The  coals  of  South  Wales,  employed  in  the  making  of  iron,  contain 
less  volatile  matter  than  either  the  English  or  Scotch  coals;  so  that  in 
producing  a  ton  of  pig  iron,  only  about  half  the  quantity  of  coals  is 
requisite,  as  a  given  quantity  contains  a  great  proportion  of  carbon. 
Lord  Dundonald  invented  a  process  by  which  the  volatile  parts  of  the 
coal  were  condensed,  producing  volatile  alkali,  oil,  and  tar;  the  coals 
thus  distilled  were  converted  into  excellent  coke,  and  applied  for  the 
purpose  of  making  iron. 

For  the  production  of  intense  heat  and  flame  in  a  furnace,  the  slate 
coals  are  most  suitable,  as,  by  keeping  open,  they  admit  a  constant 
supply  of  air,  which  preserves  a  vehement  combustion;  on  this  ac¬ 
count,  they  are  in  great  request  by  the  Scotch  and  Irish  distillers. 
Glance  coal  is  used  in  Ireland  as  common  fuel,  and  sells  at  a  high 
price.  It  is  much  used  for  drying  grain  and  malt;  to  these  it  im¬ 
parts  a  fair  colour;  it  is  for  this  latter  purpose  that  the  Welsh  and 
Scotch  coals  of  this  kind  are  chiefly  used.  It  is  also  used  for  the 
burning  of  lime,  for  which  it  is  very  suitable.  Cannel  coal  is  chiefly 
used  for  common  fuel :  that  which  is  found  in  Lancashire  admits  of 
being  turned  on  the  lathe,  and  is  made  into  a  variety  of  utensils  and 
ornaments,  being  susceptible  of  a  very  high  polish,  nearly  equal  to 
that  of  jet;  and  of  the  various  coals  it  is  said  to  be  the  most  suitable 
for  producing  the  coal  gas  used  for  lighting  up  large  manufactories. 
Sulphureous  coal  is  but  very  little  used,  being  so  dangerous  to  work  * 
it  is  only  suitable  for  the  burning  of  lime,  the  making  of  salt,  or  for 
producing  sulphate  of  iron.  Culm  is  used  for  burning  of  lime,  making 
of  salt,  and  for  steam  engines;  it  sells  at  a  very  low  price.  There  is 
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but  a  small  consumption  for  this  coal  in  comparison  of  what  is  pro* 
duced  annually  in  the  mines.  Bovey  coal  is  only  used  as  common  fuel 
by  the  poorer  classes  of  the  community,  where  better  fuel  cannot  be 
had. 

When  we  attend  to  the  inflammable  substances 
found  in  the  earth,  or  in  the  mineral  kingdom,  we  may 
perceive  that  very  few,  and  most  probably  none  of  them, 
can  be  truly  said  to  belong  to  it,  but  have  been  ela¬ 
borated  in  the  bodies  of  animals  or  vegetables.  From 
the  turf  that  is  pared  from  the  surface  of  the  earth,  and 
owes  its  inflammability  to  the  roots  of  vegetables  which 
are  mixed  with  it,  we  may  descend  to  the  peat,  or  black 
earth,  of  the  moors,  in  many  specimens  of  which  vege¬ 
table  remains  are  still  perceptible ;  though  in  most  they 
appear  to  be  deprived  of  every  appearance  of  their  or¬ 
ganic  texture,  their  oily  and  inflammable  nature  only 
remaining  ;  and  thence  tile  transition  to  pit-coal  is  easy. 
For  if  wre  reflect  on  the  vast  revolutions  which  the  earth 
has  certainly  undergone  through  a  long  course  of  ages, 
by  means  of  which  its  surface  has  been  broken,  dis¬ 
placed,  and  inverted,  by  the  actions  of  floods,  earth¬ 
quakes,  and  the  great  convulsions  of  nature,  caused  by 
volcanic  eruptions,  it  will  be  no  improbable  inference, 
that  the  thin,  though  extensive  strata  of  pit-coal,  as  well 
as  the  exudations  of  naphtha,  petroleum,  and  their  modi¬ 
fications,  have  all  arisen  from  the  burying  of  extensive 
woody  tracts  of  the  surface,  such  as  are  common  in  all 
uncultivated  countries.  And  this  probably  will  be  re¬ 
duced  to  a  certainty,  when  we  studiously  advert  to  the  na¬ 
tural  history  of  pit-coal,  as  it  is  met  with  in  all  the  various 
states  of  transformation.  Whole  trees  are  converted 
into  pit-coal,  in  such  quantities  together  as  to  exhibit 
entire  forests  ;  in  which  the  roots,  trunks,  branches, 
bark,  and  even  species,  are  discernible. 

The  operations  of  miners  are  often  interrupted  by  explosions  of  gas 
called  fire  damp,  which  is  evolved  in  great  abundance  in  coal  pits; 
and  the  most  terrific  and  fatal  explosions  take  place.  It  is  the  curbu- 
retted  hydrogen  gas  of  chemists,  and  100  parts  is  composed  of  72  of  car 
bon  and  28  of  hydrogen  ;  or  of  seven  atoms  of  hydrogen,  and  three  of  car¬ 
bon.  Fire-damp  is  formed  by  the  action  of  coal  upon  water.  The  water 
is  decomposed,  two  atoms  at  once;  all  the  oxygen  combines  with  car¬ 
bon,  and  forms  carbonic  acid;  while  all  the  hydrogen  unites  likewise 
with  carbon,  and  forms  carburetted  hydrogen,  or  fire-damp.  The 
coal  appears  to  part  with  a  portion  of  its  carburetted  hydrogen,  when 
newly  exposed  to  the  atmosphere;  because  it  is  more  inflammable 
when  fresh  from  the  pit  than  after  long  exposure  to  the  air.  Another 
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source  of  the  gas  may  be  from  the  water,  which  is  constantly  decom* 
posing,  by  the  action  of  the  pyritous  shales,  which  process  is  going  on 
in  all  the  old  workings,  and  must  be  productive  of  great  quantities  of 
hydrogen.  The  abundance  of  it  is  surprising,  and  it  frequently  takes 
tire  in  a  shaft,  long  before  the  coal  itself  is  reached  by  the  sinkers ; 
and  when  the  pitmen  occasionally  open,  with  their  picks,  crevices  in 
the  coal  or  shale,  as  much  as  700  hogsheads  of  fire-damp  have  escaped 
in  a  minute.  These  blowers,  as  they  are  termed,  continue  in  a  state 
of  activity  for  many  months  together,  and  seem  to  derive  their  energy 
from  communicating  with  immense  subterraneous  reservoirs  of  air. 
The  after-damp  or  stythe,  which  follows  these  blasts,  results  from  the 
combustion  of  the  carburetted  hydrogen,  in  atmospheric  air;  and 
mote  lives  are  destroyed  by  this  than  by  the  violence  of  the  fire¬ 
damp.  To  guard  against  these  accidents  every  precaution  is  taken 
that  prudence  can  devise,  in  conducting  and  ventilating  the  mines; 
yet,  in  spite  of  every  care,  and  even  of  Davy’s  safety  lamp,  explo¬ 
sions  frequently  take  place,  and  in  some  instances,  a  hundred  men  at 
once  have  been  destroyed. 

Coal  pits  and  slate  quarries  exhibit  innumerable 
marks  of  impressions  of  leaves,  and  other  indications  of 
their  vegetable  origin  ;  and  the  analysis  of  this  combus¬ 
tible  substance  tends  still  further  to  confirm  this  con¬ 
clusion.  On  the  other  hand,  if  we  attend  to  such  in¬ 
ferences  as  chemical  theory  might  point  out  from  the 
facts  around  us,  we  shall  see  how  small  the  probability 
is,  that  the  mineral  kingdom  should,  after  a  limited 
time,  contain  inflammable  bodies,  if  they  were  not  oc¬ 
casionally  thrown  into  it,  in  consequence  of  the  opera¬ 
tions  carried  on  within  organized  substances.  For  all 
inflammable  substances  tending  to  decompose  the  oxy¬ 
gen  of  the  atmosphere,  would,  in  process  of  time,  re¬ 
vert  to  the  class  of  uninflammable  bodies,  if  the  opera¬ 
tions  of  organized  bodies,  particularly  of  the  vegetable 
kind,  did  not  tend  to  disengage  the  oxygen  again,  and 
lender  bodies  combustible,  which  were  not  so  when 
they  became  parts  of  their  substances. 

Ireland  also  possesses  several  deposits  of  coal.  The 
Leinster  district  is  deservedly  famous  ;  and  from  Mr. 
Griffiths’s  account  of  it,  we  have  copied  a  fine  engrav¬ 
ing  of  part  of  the  variegated  strata  of  which  it  consists. 
The  plate  explains  itself  by  means  of  the  key  on  the 
left  and  the  shadings  of  the  strata,  and  if  duly  examined 
explains  more  relative  to  the  formation  of  the  earth’s 
surface  than  a  hundred  pages  of  description  could  effect. 
The  famous  Kilkenny  coal  is  found  in  this  district,  in  a 
bed  three  feet  thick,  and  is  found  to  contain  96  per  cent, 
of  pure  carbon,  and  only  4  per  cent,  of  ashes.  There 
are  altogether  six  beds  of  various,  and  the  worst  is  co- 
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vered  by  a  bed  of  black  slate  clay,  interstratified  with 
beds  of  clay  ironstone,  usually  one  inch  in  thickness; 
these  alternations  continue  to  the  surface,  and  form  the 
uppermost  strata  of  the  coal  district. 

Tbe  quantity  of  coal  annually  raised  in  the,  principal  division  of  the 
Leinster  coal  district  may  be,  on  an  average,  about  70,000  tons  of 
hard  coal,  and  about  100,000  of  soft  coal  or  culm.  The  whole  of  the 
hard  coal  is  raised  from  the  Castlecomer  and  Newtown  collieries,  but 
in  addition  to  them,  culm  is  raised  at  the  Firoda,  Tollerton,  Wolf 
Hill,  and  Clogrennan  collieries,  which  increases  the  quantity  of  culm 
raised. 

The  annual  produce  of  the  French  coal  mines  is 
stated  at  nearly  5,000,000  of  tons.  The  department  of 
Jemappe  contains  the  richest  coal  mines  in  France;  and 
there  are  no  less  than  300  pits  wrought  in  that  field, 
in  which  no  fewer  than  25,000  persons  are  constantly 
employed  at  work,  under  ground.  The  coal  of  Ansin, 
near  Valenciennes,  is  the  most  surprising,  as  the  beds 
are  folded  up  and  down,  so  that  the  same  coal  rises 
near  the  surface,  and  dips  suddenly  again. 

No  coal  has  yet  been  found  in  Spain,  nor  in  Italy,  ex¬ 
cept  a  small  quantity  in  the  north.  In  other  parts  of 
the  European  continent,  as  in  Silesia,  Germany,  and 
Bohemia,  there  are  mines,  some  of  which  yield  it  i,n 
abundance.  The  greater  part  of  the  north  of  Europe, 
except  some  small  patches  in  Bussia,  seem  destitute  of 
coal.  There  is  a  small  quantity  in  the  vicinity  of 
Moscow,  but  not  sufficient  for  the  supply  of  that  great 
city. 

The  extensive  countries  of  Asia,  China  excepted, 
scarcely  afford  any  indication  of  coal.  On  the  banks 
of  the  Pekiong,  a  river  which  passes  by  Canton,  in  its 
way  to  the  sea,  some  collieries  were  observed  by  the 
suite  of  Lord  Macartney.  Several  of  the  mines  are 
described  as  very  extensive,  but  the  coal  is  bad  Even 
the  coal  dust,  which  is  usually  neglected  in  this  coun¬ 
try,  is  not  lost  by  that  industrious  and  economical  peo¬ 
ple.  It  is  mixed  with  soft  earth,  reduced  to  the  form 
of  bricks,  and  conveyed  to  those  parts  of  tbe  empire 
that  are  destitute  of  fuel. 

No  coal  has  yet  been  found  in  the  immense  regions  of 
Africa.  The  United  States  possess  some  good  coal  for¬ 
mations,  particularly  in  Virginia,  where  there  is  a  bed  of 
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coal,  42  feet  thick,  which  lies  so  near  the  surface,  that 
the  earth  which  covers  it  is  removed,  and  the  coal  dug 
out,  like  stones,  from  an  open  quarry. 

The  first  mention  of  British  coal  in  history,  is  by  Solinus,  who  evi- 

cntiy  indicates  the  use  of  coal,  when,  mentioning  the  medicinal  wa¬ 
ters  at  Bath,  he  says,  “  They  are  dedicated  to  Minerva,  in  whose 
temple  the  perpetual  fire  does  not  leave  embers,  but  is  changed  into 
rocky  lumps.”  This  pretended  miracle  was  the  natural  progress  of  a 
h?-al  .fire*  But  tllouSh  ™al  appears  to  have  been  known  so  early  in 
this  island,  the  abundance  of  wood  and  turf  prevented  the  natives 
from  digging  into  the  bowels  of  the  earth  for  what  the  surface  af¬ 
forded  so  amply.  Even  when  wood  became  scarce,  at  the  distance  of 
several  centuries  after  the  discovery  of  coal,  the  manner  of  working 
it  was  extremely  rude,  the  progress  and  extent  of  the  use  of  it  slow, 
and  limited.  In  the  Leges  Burgorum ,  which  were  enacted  about  the 
year  1140,  a  particular  privilege  is  granted  to  those  who  bring  fuel 
into  boroughs.  Wood,  turf,  and  peats,  are  particularly  mentioned, 
but  there  is  no  mention  of  coal. 

Henry  III.,  in  the  year  1234,  renewed  a  charter  which  his  father 
had  granted  the  borough  of  New  castle,  and  granted,  upon  their  suppli¬ 
cation,  the  liberty  to  dig  coals,  upon  the  payment  of  £  100  per  year; 
this  is  the  first  time  that  fuel  is  noticed  in  history.  Eneas  Sylvius,’ 
who  afterwards  became  Pope,  under  the  name  of  Pius  II.,  visited 
tisis  island  about  the  middle  of  the  15th  century.  He  relates  that  he 
saw  the  poor  people  who  begged  in  rags,  receive  for  alms,  pieces  of 
black  stone,  with  which  they  went  away  contented.  “  This  species 
of  stone,”  says  he,  “  whether  with  sulphur,  or  whatever  inflammable 
substance  it  may  be  impregnated,  they  burn  instead  of  wood,  of  which 
their  country  is  destitute.” 

In  the  reign  of  King  John,  the  coal  trade  made  rapid  progress,  but 
its  use  was  shortly  after  prohibited,  in  London,  under  the  apprehen¬ 
sion  that  its  smoke  was  poisonous.  The  quantity  at  present  consumed 
in  the  metropolis,  maybe  conceived,  from  the  amount  of  the  duty  upon 
coals  coming  into  the  port  of  London.  In  1677,  King  Charles  II.  granted 
to  his  natural  son,  the  Duke  of  Richmond,  for  his  maintenance,  a  duty  of 
One  shilling  pet  chaldron,  on  coals;  the  right  to  this  impost  continued 
in  the  same  family  until  the  year  1800,  when  government  purchased 
it,  for  the  payment  of  £19,000  per  annum,  to  the  Duke  and  his  heirs. 
This  duty  now  amounts  to  above  <£25,000  a  year. 

There  are  few  coals  but  what  present  more  or  less 
of  a  woody  texture.  This  appearance  may  be  traced 
from  the  bitumenized  wood,  which  still  bears,  though 
approaching  in  its  nature  to  coal,  the  trunk,  the 
branches,  and  even,  in  some  instances,  the  very  leaves 
ot  trees,  through  all  the  varieties  of  coal,  into  the  most 
compact,  slaty  kind,  of  the  oldest  formation*.  Nor  is 
it  less  remarkable  that  the  shale  which  uniformly  co- 


*  In  confirmation  of  these  observations  it  may  be  remarked,  that  in 
Ireland,  a  standing  forest  was  lately  discovered,  at  the  depth  of  100 
feet  beneath  the  present  surface  of  the  soil ;  that  in  Lancashire  over- 
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vers  the  independent  coal  formation,  always  encloses 
vegetable  remains,  andj^the  greater  part  of  those  geo¬ 
logists  who  have  given  their  attention  to  the  probable 
origin  of  coal,  consider  it  as  derived  from  vegetation. 


LECTURE  XXVI. 

ON  CRYSTALLIZATION  AND  PRECIOUS  STONES, 

Th’  unfruitful  rock  itself,  impregn’d  by  thee,  . 

In  dark  retirement  forms  the  lucid  stone. 

The  lively  diamond  drinks  thy  purest  rays, 

Collected  light,  compact. — 

At  thee  the  ruby  lights  its  deepening  glow. 

And  with  a  waving  radiance  inward  flames. 

From  thee  the  sapphire,  solid  ether,  takes, 

Its  hue  cerulean  ;  and  of  evening  tinct. 

The  purple-streaming  amethyst  is  thine. 

With  thy  own  smile  the  yellow  topaz  burns. 

Nor  deeper  verdure  dyes  the  robe  of  Spring,' 

When  first  she  gives  it  to  the  southern  gale, 

Than  the  green  emerald  shows.  But  all  combin’d,” 

Thick  through  the  whitening  opal  play  thy  beams; 

Or,  flying  several  from  its  surface,  form 
A  trembling  variance  of  revolving  hues, 

As  the  site  varies  in  the  gazer’s  hand. 

Almost  all  solids,  when  examined  with  a  microscope, 
are  found  to  present  regular  forms.  Some  are  more 
palpable  than  others,  and  the  more  perfect  operations 
of  nature  may  be  imitated  by  art.  The  forms  thus  pre¬ 
sented  by  solids,  are  called  crystalline  or  crys¬ 
tals.  When  classed  they  are  not  numerous,  and  are 
worthy  of  being  remembered.  They  are : 

turned  forests  have  been  found,  but  a  few  feet  beneath  the  soil;  that 
in  digging  in  the  Isle  of  Dogs,  and  to  the  west  of  Hastings,  trees  and 
t  6hrubs  were  found,  standing  erect,  at  a  depth  of  30  feet;  and  that,  at 
I  the  present  day,  the  navigation  along  the  shores  of  Lake  Superior,  is 
rendered  inconvenient  by  bodies  of  trees,  projecting  horizontally 
r  from  the  cliffs,  25  or  30  feet  below  the  top  of  the  cliff,  serving  beyond 
i!  all  question  as  materials  for  coal  beds,  in  remote  future  generations. 
i  The  succession  of  coal  beds,  one  over  the  other,  with  strata  between, 
|  seems  to  prove  that  the  causes  must  have  been  repeated  as  many 
a  times  as  there  are  such  beds;  that  is  to  say,  if,  according  to  the 
I  theory  of  Sir  II.  Phillips,  there  are  10  such  beds,  they  would  have 
s  been  200,000  years  in  forming.  Hence,  our  opinions  are  exalted,  in 
regard  to  the  sublime  passage  of  Moses,  in  which  he  says,  “  In  the 

!  beginning  God  created  the  heavens  and  the  earth,’'  which  remote  be¬ 
ginning  seems  to  be  carried  back,  by  these  natural  phenomena, 
through  many  hundred  thousand  years;  and  although  this  is  contrary 
(  to  the  common  interpretation  of  the  sublime  and  sacred  passage  in 
|  question,  yet  it  is,  at  the  same  time,  perfectly  reconcileable  with  it, 
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1.  The  PARALLElofipedon,  which  includes  cubes, 
rhomboids,  and  all  figures  of  six  paralleled  sides: 

q*  Ji  tetrahedron,  with  four  triangular  sides; 

J. e  9CTAHedr°n,  with  eight  triangular  sides; 

4.  oix-sided  or  hexahedral  Prism : 

o.  The  dodecahedron,  bounded  by  twelve  rhom - 
boidal  sides : 

6.  The  dodecahedron,  with  twelve  triangular 
sides  :  (See  the  Engravings  and  Descriptions .) 

wi  °iS°me  ^ese  f°rms  most  solids  may  be  reduced. 
\\  hether  they  afford  evidence  that  primaeval  or  pri¬ 
mary  atoms  are  of  one  form,  is  still  a  question  amono' 
philosophers.  Some  have  supposed  that  primary  atoms 
consist  therefore  of  simple  pyramids ,  simple  cubes , 
and  simple  prisms  ;  because,  by  the  composition  of 
these  three  forms,  the  six  above  named  may  be  com¬ 
pounded.  But  others  contend  that  primary  atoms,  if 
infinitely  small,  may  nevertheless  be  only  spherical, 
ecause  the  three  forms  may  be  compounded  out  of 
phencal  atoms,  forming  a  pyramid,  a  cube,  &c.  just 
as  we  see  cannon  balls  arranged.  Indeed,  Mr.  Lowry 
has  beautifully  exemplified  this  principle  of  composi- 
tion  by  mechanical  arrangements,  and  has  shewn  that 
different  layers  of  atoms,  of  one  form,  added  or  sub¬ 
tracted,  are  capable  of  producing  all  the  forms  in  which 
matter  reaches  our  senses. 

Nevertheless,  says  Sir  R.  Phillips,  the  various  conflicts 
of  bodies,  and  the  resulting  phenomena,  seem  to  ren- 
er  it  piobable,  that  the  varied  results  may  arise  from 
the  three  forms  indicated  by  the  Abbe  Haiiy ;  for,  if 
we  suppose  primary  atoms  to  be  of  one  form,  other 
elements  must  then  be  introduced,  the  supposition  of 
which  is  gratuitous,  and  the  forms  of  cube  and  pyra¬ 
mid,  with  the  universal  adjunct  of  motion,  seem  com¬ 
petent  to  the  production  of  all  phenomena;  we  may 
thus  reason  with  safety,  because  by  subdivision  we 
mu»t  arrive  at  ultimate  particles  of  matter;  yet  the 
same  writer  justly  observes,  that  these  inquiries  baffle 
human  comprehension ;  for  an  ultimate  atom  may  only 
bear  the  same  relative  proportion  to  a  grain  of  sand, 
which  a  grain  of  sand  bears  to  the  whole  earth.  The 
atoms,  therefore,  about  which  our  inquiries  are  gene¬ 
rally  directed,  must  be  regarded  as  compounded,  and 
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capable  of  many  subdivisions,  though  doubtless  their 
phenomena  must  be,  and  are,  varied  by  the  proximate 
action  of  others  immeasurably  smaller. 

Of  course  atoms  of  certain  regular  forms,  acted 
upon  by  others  in  motion,  and  with  greater  force  on 
their  outsides  than  their  insides,  must  be  driven  toge¬ 
ther,  and  if  patients  of  a  regular  action,  must  unite  on 
their  sides,  fill  up  interstices,  and  form,  in  due  time, 
regular  forms  or  crystals.  Their  union  would  be  the 
result  of  the  same  force  of  atomic  motion,  or  gaseous 
elasticity,  which  drives  bungs  together,  or  to  the  sides, 
when  floating  on  water,  in  a  vessel,  or  which  made  the 
plummet  go  to  the  mountain  at  Schehallien.  Time 
alone  is  necessary  to  the  result,  and  nature  does  nothing* 
in  haste,  or,  rather,  what  is  done,  has  been  done  in 
the  requisite  time. 

The  very  principles  of  all  cohesion  are,  therefore, 
the  principles  of  crystallization,  the  resulting  external 
forms  ( i .  e .  the  special  direction  of  the  atoms  or  polari¬ 
zation)  being  consequences  of  re-actions  of  the  medium 
or  gas,  in  which  the  operation  takes  place ;  and  the 
actual  forms  resulting  from  the  pressure  of  that  medium 
upon  atoms  of  particular  forms,  for  in  the  vacuum  of 
an  air  pump,  crystallizations  do  not  take  place  in  the 
[  manner  they  do  in  the  air. 

The  usual  means  of  producing  experiments  in  crys¬ 
tallization,  is  dissolving  some  salt  in  water,  gradually 
evaporating  the  water,  and  then  the  atoms  of  the  salt 
are  packed  by  the  air,  in  accordance  with  the  forms  of 
its  original  crystals.  If  this  be  done,  in  connexion 
with  a  solar  microscope,  the  operation  as  magnified, 
is  as  delightful  as  wonderful.  At  other  times,  great 
atomic  motion  or  heat  is  applied  to  metals,  the  atoms 
of  which  are  thus  separated,  and  acquire  the  relative 
motions  of  fluidity ;  but  on  the  atomic  motion,  or  heat, 
being  allowed  to  dissipate  itself  to  surrounding  bodies, 
the  metallic  atoms  again  coalesce  in  their  fixed  state, 
and,  under  peculiar  management,  form  beautiful  crys¬ 
tals.  So  also  with  resinous  substances  dissolved  in 
3  alcohol.  And  in  truth,  says  Sir  R.  Phillips,  as  all  fix¬ 
ation  or  solidification  of  atoms,  in  the  processes  of  na¬ 
ture,  are  made  by  the  intervention  of  solution,  so 
almost  all  the  matter  we  see  is  in  crystallized  forms, 
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and  dissolving  and  crystallizing  are  the  great  and  uni¬ 
versal  operations  of  progressive  and  changeable  na¬ 
ture.  They  are,  at  the  same  time,  mere  mechanical 
operations,  slowly  performed,  and  have  no  connexion 
with  any  assumed  or  arbitrary  principles,  like  attrac¬ 
tion  or  repulsion. 

The  solid  of  the  primitive  form,  or  nucleus  of  a 
crystal,  obtained  by  mechanical  division,  may  be  sub¬ 
divided  in  a  direction  parallel  to  its  different  faces. 
All  the  sections  thus  produced,  being  similar,  the  re¬ 
sulting  solids  are  exactly  similar  in  shape  to  the  nu¬ 
cleus,  and  different  only  in  size,  decreasing  as  the  divi¬ 
sion  is  continued.  To  this  division  there  must  be  a 
limit,  called  the  integrant  atom .  If  the  division  of  the 
nucleus  were  possible  in  other  directions  lhan  parallel 
to  the  faces,  the  integrant  atom  may  differ  in  figure 
from  the  nucleus.  But  the  forms  of  integrant  atoms 
hitherto  discovered,  are  only  three: — the  tetrahedron , 
the  simplest  of  pyramids ;  the  triangular  prism ,  the 
simplest  of  prisms;  and  the  parallelopipedon ,  the  sim¬ 
plest  of  solids ;  the  combinations  and  varieties  of  which 
produce  six  generic  forms  of  crystallized  bodies.  Yet 
the  combination  of  this  small  number  of  forms  is  fully 
sufficient  for  all  purposes  of  mechanical  cohesion,  when 
is  superadded  the  infinite  diversity  of  size,  proportion, 
and  weight,  to  which  the  particles  of  different  bodies 
are  liable,  and  yet  have  the  same  figure. 

The  first  form  is  the  parallelopipedon,  in¬ 
cluding  the  Cube,  Rhomboid,  and  all  the  solids  ter¬ 
minated  by  six  faces,  parallel,  two  and  two.  In  this 
class  are  the  crystals  of  amphigene,  analime,  boracite, 
native  copper,  red  oxide  of  copper,  arsenical  cobalt, 
fluor  spar,  native  gold,  iron  pyrites,  arseniate  of  iron, 
sulphuret  of  lead,  molybdate  of  lead,  mellite,  and 
muriate  of  silver,  as  Cubes. 

Rhomboids ,  with  the  angles  of  their  planes  more  or 
less  acute  and  obtuse,  include  crystals  of  chabasite, 
corundum,  phosphate  of  copper,  oxide  of  iron,  chromate 
of  lead,  carbonate  of  lime,  antimonial  sulphuret  of  silver, 
sulphate  of  lime,  and  quartz. 

Rectangular  Prisms  are  andalusite,  apophyllite, 
sulphuret  of  antimony,  chrysolite,  cymophane,  epidote, 
harmotome,  idocrase,  muriate  of  lead,  made,  white  ox- 
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ide  of  manganese,  mesotype,  meionite,  muriate  of  mer¬ 
cury,  micarelle,  scapolite,  stilbite,  oxide  of  tin,  oxide 
of  uranium,  wolfram,  sulphate  of  zinc,  and  zircon. 

Right  Rhomboidal  Prisms  are  gadalonite,  yenite, 
mica,  topaz,  tremolite,  prehnite,  arsenical  iron,  phos¬ 
phate  of  iron,  and  sulphates  of  barytes,  lime,  and 
strontian. 

Oblique  Rhomboidal  Prisms  are  axinite,  sulphate  of 
..copper,  blue  carbonate  of  copper,  corundum,  euclase, 
felspar,  hornblende,  oxide  of  iron,  carbonate  of  lime, 
scapolite,  sphene,  silica,  calcareous  titanium.  ( See 
Mackenzie' s  Experiments ,  or  Mitchell's  Chemical  Die - 
lion  ary.) 

2.  The  tetrahedron  includes  the  crystals  of 
blende,  and  sulphurets  of  zinc,  grey  copper,  and  pyri- 
tous  copper. 

3.  The  octahedron,  in  three  several  varieties, 
includes  crystals  of  gold,  silver,  copper,  bismuth,  and 
amalgam;  oxides  of  iron,  tin,  and  titanium;  red  oxide 
of  copper,  anastase,  ceylonite,  diamond,  spinelle,  mel- 
lite,  sulphur,  arseniate  and  muriate  of  copper,  chromate 
and  super-sulphuret  of  iron,  iron  pyrites,  fluate  and 
tungstate  of  lime,  sulphate,  molybdate  and  carbonate  of 
lead,  and  sulphurets  of  silver,  lead,  and  zinc. 

4.  The  hexahedral  prism  includes  crystals  of 
actynolite,  arragonite,  corundum,  cyanite,  dichroite, 
diopase,  emerald,  epidote,  grenatite,  hornblende,  mica, 
nepheline,  pyroxene,  quartz,  chorlite,  tourmaline,  car¬ 
bonate  and  sulphate  of  barytes,  arseniate  of  copper, 
arseniate  and  phosphate  of  lead,  carbonate,  phosphate 
and  sulphate  of  lime,  red  sulphuret  of  mercury,  sulphuret 

I  of  molybdenum,  antimonial  sulphuret  of  silver,  and 
carbonate  and  sulphate  of  strontian. 

5.  The  dodecahedron  includes  crystals  of  native 
amalgam,  amphigene,  ceylonite,  red  oxide  of  copper, 
grey  copper,  garnet,  native  gold,  fluate  of  lime,  mellite, 
and  sodalite. 

6.  The*  dodecahedron,  with  isosceles  triangular 
faces,  includes  the  crystals  of  corundum  and  quartz. 

Every  crystal  may  be  divided  by  proper  instruments; 
and  wlufi  split  in  certain  directions,  presents  plane  and 
smooth  urfaces ;  in  other  directions,  the  fracture  is 
rugged  the  mere  effect  of  violence;  not  guided  by  the 
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natural  joining  of  the  crystal.  This  fact  had  been  long 
known  to  jewellers  and  lapidaries ;  and  an  accidental 
observation  of  it,  by  Haiiy,  furnished  him  with  the  key 
to  the  whole  theory  of  Crystallization.  Mr.  Daniel! 
also  has  decomposed  crystals  by  degrees;  and  then,  on 
examining  their  abraded  parts,  has  found  that  atom 
after  atom  was  removed,  like  cubic  stones  from  a  mass 
of  masonry. 

Among  pure  crystals,  several  precious  stones  present 
the  most  interesting  objects  of  investigation  and  in¬ 
quiry,  and  we  shall  therefore  proceed  to  detail  some 
interesting  particulars  relative  to  them  in  succession*. 

The  Diamond ,  a  model  of  crystal  structure,  the 
most  beautiful,  and  hardest  of  all  such  productions,  is 
remarkable,  also,  for  its  regular  form  (the  primitive 
being  octahedron ),  its  perfect  transparency,  and  the 
play  and  vivacity  of  its  reflections.  It  is  mostly  colour¬ 
less,  or  of  a  pale  grey,  and  sometimes  brown,  green, 
yellow,  rose-red,  and  blue;  commonly  spheroidal,  with 
48  curvelinear  triangular  faces,  six  raised  on  each  face 
of  the  primitive  octahedron.  The  bulk  varies  from 
the  smallest  grain  to  that  of  half  a  hen’s  egg.  It  is 
singly  refractive,  and  when  rubbed,  acquires  positive 
electricity,  whether  rough  or  polished,  which  is  not  the 
case  with  any  other  gem.  Its  beauty,  unrivalled  by 
any  substance,  natural  or  artificial,  first  brought  it  into 
esteem,  and  still  supports  it.  Without  any  essential 
colour,  it  imbibes  the  pure  solar  ray,  and  then  reflects 
it,  either  too  white  and  vivid  to  bear  viewing  more  than 
an  instant,  or  decomposes  it  into  the  prismatic  colours. 

When  exposed  to  a  current  of  air,  and  heated  to 
the  temperature  of  melting  copper,  it  is  found  to  be 
gradually,  but  completely  combustible ;  hence  it  seems 
a  combination  of  carbon  and  hydrogen.  When  placed 
in  the  focus  of  a  powerful  lens  in  contact  with  oxygen 
gas,  it  first  becomes  clear  red,  and  then  appears  larger, 
from  the  surrounding  faint  white  light  on  entering  into 

*  What  is  commonly  called  crystal ,  or  rock  crystal,  is  a  kind  of 
flint,  and  is  probably  the  first  substance  ever  noticed  as  occurring  in 
a  regular  form :  the  ancients  believed  it  to  be  water,  permanently 
congealed  by  extreme  cold,  from  its  transparency;  and  called  it 
Krustallosi  signifying  ice;  but,  in  time,  the  word  was  used  without 
attention  being  paid  to  its  original  meaning,  and  was  applied  to  all 
the  regular  figures  observed  in  minerals. 
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eombnstion.  On  slight  remission  of  heat,  black  minute 
spots  of  a  leaden  metallic  lustre  appear ;  the  diamond 
then  gradually  diminishes,  and  at  length  is  entirely  con¬ 
sumed.— Yet,  though  in  actual  ignition,  and  surrounded 
with  oxygen  gas,  it  instantly  ceases  burning  on  with¬ 
drawing  the  focus  of  the  lens.  Sir  G.  Mackenzie 
placed  a  diamond  on  a  thin  piece  of  baked  clay,  and 
then  put  it  in  a  muffle  previously  heated  red ;  it  soon 
became  equally  red,  and  in  a  few  seconds  more  be¬ 
came  visible  by  a  bright  glow ;  and,  on  being  removed, 
was  found  to  have  acquired  a  slight  milky  appearance  ; 
its  lustre  was  impaired,  but  no  black  spots  appeared 
on  its  surface. 

Man  attaches  more  value  to  it,  as  it  is  seldom  found  of 
a  certain  size,  with  all  the  requisite  qualities  considered 
indispensable.  Of  such,  only  few  are  known. 

The  famous  diamond  in  the  sceptre  of  the  emperor  of 
Russia,  weighed  779  carats,  and  was  worth  by  scale  4,854,728 
pounds  sterling,  although  it  cost  but  135,417  guineas.  This 
diamond  was  originally  one  of  the  eyes  of  a  Malabar  idol, 
called  Seheringham ;  and  a  French  grenadier,  who  had  deserted 
from  the  Indian  service,  contrived  to  become  one  of  the 
priests  of  that  idol,  and  by  that  means  stole  it. 

The  diamond  of  the  Great  Moe-ul,  in  form  and  size  re- 
sembled  half  a  hen’s  egg,  weighed  288  carats,  was  cut  in 
rose,  and  was  valued  at  £700,000.  Another  diamond,  be¬ 
longing  to  the  king  of  Portugal,  weighed  215  carats,  and 
was  worth  369,800  guineas.  The  diamond  of  the  emperor  of 
Germany  weighed  139§  carats,  and  was  worth  109,520 
guineas. 

That  of  Nadir  Shah,  sultan  of  Persia,  was  without  flaw  or 
fault,  in  size  and  shape  much  like  a  dove’s  egg  flattened; 
it  weighed  193  carats,  and  was  estimated  at  £5,000,000.  The 
empress  Catherine  gave  £90,000  sterling,  in  ready  money, 
also  £4,000  per  annum,  and  a  patent  of  nobility,  for  it. 

The  Pitt  or  Regent  diamond,  worth  by  scale  208,333 
guineas,  was  found  in  Malacca,  and  then  was  sold,  by  a  Greek 
merchant,  for  £80,000  to  Mr.  Pitt,  governor  of  Bencoolen, 
who  re-sold  it  for  £130,000  to  the  Regent-duke  of  Orleans, 
by  whom  it  was  placed  among  the  crown  jewels  of  France. 
It  weighed  136  carats;  and,  on  account  of  its  excessive  bril¬ 
liancy,  and  being  absolutely  faultless,  it  was  valued  at 
12,000,00 0  livres.  Another  diamond,  belonging  to  the  French 
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crown,  called  the  Sancy,  was  of  a  rich  sky-bine  brilliant, 
67  carats  in  weight,  and  valued  at  3,000,000  livres.  The 
great  one  of  the  king  of  Portugal,  was  found  in  the  mines  of 
Brazil.  It  was  of  a  larger  size;  but  a  piece  was  broken  off, 
by  the  ignorant  countryman  who,  finding  this  great  gem, 
tried  its  hardness  by  the  stroke  of  a  large  hammer.  Taking 
the  multiplicand  of  the  square  of  its  whole  weight,  1680 
carats  (above  11  ounces),  at  £80  a  carat,  it  is  valued  at  the 
enormous  sum  of  £224,000,000  sterling. 

The  great  diamond  brought  from  India,  for  which  the 
Company  asked  £30,000,  was  by  far  the  largest  diamond  in 
Europe,  except  the  Pitt,  and  perhaps  the  Sancy,  belonging  to 
France.  If  its  value  had  been  calculated  according  to  its 
weight,  8 9 1  carats,  it  would  amount,  at  £80  a  carat,  to 
£637,000. 


The  upper  figure  is  a  geometrical  view  of  the  diamond  from 
its  upper  face;  the  lowrer  figure  is  a  perspective  view,  taken  in 
the  direction  of  the  dotted  line  x,  y,  of  the  upper  figure.  The 
letters  a,  b,  c,  set  against  the  angles  of  the  figure,  and  a,  b ,  c, 
against  the  intermediate  sides  respectively,  refer  the  same  parts 
of  the  two  figures  to  each  other,  d,  both  in  the  geometrical 
and  the  perspective  drawing, .marks  the  upper  or  flat  face;  and 
the  inclined  position  of  the  latter,  in  the  perspective  view,  in¬ 
dicates  the  direction  of  the  plane.  The  engraving  is  the  exact 
*ize  of  the  stone. 

Zirconium . 

The  metallic  base  of  the  following  genus  of  precious 
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stones,  is  a  white  insipid  substance,  insoluble  in  pure 
alkalies,  but  soluble  in  alkaline  carbonates.  The  value 
of  the  stones  from  which  it  is  obtained,  is,  probably, 
the  cause  of  the  present  limited  state  of  knowledge 
concerning'  the  combinations  of  the  substance. 

Zircon ,  and  Hyacinth ,  found  in  France  and  Nor¬ 
way,  but  often  in  Ceylon,  with  the  variety  called  Cin¬ 
namon  Stone ,  alone  compose  the  Zirconian  genus,  and 
have,  in  their  physical  characters,  great  conformity 
with  the  diamond ;  being  likewise  regular  octahedral 
crystals  ;  the  surface  smooth  and  very  bright,  and  lustre 
approaching  nearer  the  diamond  than  any  others.  The 
zircon  is  usually  grey,  but  it  also  occurs  green,  blue, 
red,  yellow,  and  brown ;  the  last  is  yellowish  brown ; 
the  hyacinth  is  of  red  orange  passing  into  a  poppy 
colour,  reddish  brown,  and  orange  yellow,  and 
when  bright  and  free  from  flaws  is  a  very  superb 
ring  stone. 

According  to  some  lapidaries,  the  zircon  comes  nearest  to  the  sap¬ 
phire  in  hardness  ;  and  as  they  have*  when  cut  and  polished,  a  great 
resemblance  to  the  diamond,  they  are  called  by  some  soft  diamonds. 
The  hyacinth,  though  less  striking  than  any  other  red  gem,  is  not 
without  its  beauty  in  the  finest  specimens.  It  found  from  the  size 
of  a  pin’s  head  to  the  third  of  an  inch  in  diameter. 

The  hyacinth,  as  well  as  all  other  gems,  is  divided  into  oriental 
and  occidental;  the  former  being  very  hard  and  brilliant,  so  that  they 
are  frequently  ranked  among  the  topazes ;  but  when  soft,  they  are 
supposed  to  belong  to  the  garnet  kind,  as  mentioned  under  that  ar¬ 
ticle.  The  hyacinths,  however,  may  generally  be  distinguished  from 
the  garnets  by  losing  their  colour  in  the  fire,  becoming  white,  and 
not  melting.  There  is  a  kind  of  a  yellow-brown  hyacinth,  re¬ 
sembling  the  colour  of  honey,  which  is  distinguished  from  the  rest  by 
the  remarkable  property  of  not  being  electrical,  and  being  likewise 
inferior  in  hardness. 

The  hyacinth  la  bella  is  found  both  in  the  East  and  West  Indies. 
The  oriental  is  the  harder,  but  the  American  is  often  equal  to  it  in 
colour.  The  rubacelle  is  found  only  in  the  East  Indies,  and  is  gene¬ 
rally  brought  over  among  the  rubies  ;  but  it  is  of  little  value ;  the 
other  varieties  are  found  in  Silesia  and  Bohemia. 

The  emerald  is  distinguished  from  all  other  stones 
by  its  pure  unmixed  green  colour;  from  its  most  beau¬ 
tiful  pure  and  full  body  of  colour,  down  to  the  palest 
tinge.  The  dazzling  crimson  of  the  ruby,  the  golden 
yellow  of  the  topaz,  and  the  sapphire’s  sky  blue,  though 
rich  and  exquisite,  soon  fatigue  the  eye,  which  wander¬ 
ing  to  each  is  both  gratified  and  irritated.  How  plea¬ 
santly  then  does  it  turn  to  and  dwell  on  the  refreshing- 
green  of  the  emerald,  which  fixes  without  satiating  the 
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attention;  emulating  the  full  verdure  of  spring,  the 
untarnished  vigour  of  vegetation,  with  all  the  gratifying 
associated  conceptions.  According  to  Cronstedt,  the 
emerald  is  the  softest  of  all  the  precious  stones,  though 
other  naturalists  place  it  the  next  after  the  diamond  ill 
this  respect.  It  is  perhaps  the  most  beautiful  of  all  the 
gems,  and,  according  to  Wallerius,  when  heated  in  the 
fire,  changes  its  colour  to  a  deep  blue,  and  becomes 
phosphorescent;  but  recovers  its  green  colour  when 
cold.  Necklaces  of  emerald  have  been  disinterred 
from  Herculaneum;  and  in  the  Museum  of  Natural 
History  at  Paris,  is  one,  known  to  have  adorned  the 
tiara  of  Pope  Julius  II.  who  died  about  1492,  there¬ 
fore  probably  from  Ethiopia.  M.  de  Dree  has  an 
emerald  ring  stone  with  an  antique  bust  of  Drusus,  son 
of  the  Emperor  Tiberius.  They  are  now  found  in 
Santa  Fe,  and  in  the  valley  of  Tunea,  the  largest  known 
specimens  being  near  six  inches  long  and  two  thick, 
but  it  is  rare  to  find  such  of  a  good  colour  and  free  from 
impurities. 

The  native  Peruvians  highly  esteemed  and  employ¬ 
ed  them  to  decorate  their  idols  of  massive  gold ;  and 
the  modern  Peruvian  papists  employ  the  inferior  water- 
worn  varieties,  to  adorn  the  pedestals  of  their  crucifixes, 
and  to  stud  the  other  articles  used  in  their  religious  ce¬ 
remonies.  They  are  often  in  clusters  of  artificial 
flowers  on  gold  stems.  They  merit  the  best  workman¬ 
ship;  and  in  pear-shaped  ear  drops,  have  a  beautiful 
effect  in  a  diamond  oval;  or  in  necklaces  and  tiaras; 
but  the  choicest  are  set  in  rings. 

The  aquamarine  or  beryl,  is  mostly  pale  sea 
green,  passing  into  greenish  blue,  and  light  sky  blue, 
and  into  greenish  yellow  and  wine  yellow.  Their  size 
"varies  from  mere  threads  to  prisms  several  inches  long 
and  three  or  four  thick;  but  the  thick  are  never  suffi¬ 
ciently  transparent  and  perfect  for  jewellery.  The  best 
are  procured  in  Brazil,  Siberia,  and  Ceylon;  and  infe* 
rior  in  North  America,  France  and  Scotland. 

THE  ARGILLACEOUS  STONES, 

forming  the  fourth  genus,  include  many  species,  which 
may  be  classed  in  five  groups,  named  Gems,  Gemmoids , 
Schorls,  Schists,  and  Clays. 
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Gems  are  precious  stones,  having;  properties  analo¬ 
gous  to  those  of  the  two  preceding  genera,  with  even 
more  perfection  in  some,  as  the  sapphire,  ruby,  topaz, 
&c.  but  differing  from  them  in  alumina  being  their  prin¬ 
cipal  base.  They  were  first  distinguished  by  their  co¬ 
lour;  the  red  being  called  Rubies ,  the  blue  Sajyphires, 
the  yellow  Topazes ,  and  the  purple  Amethysts. 

The  RUBY  most  rare,  is  pure  carmine  or  blood  red  of 
much  intensity,  forming,  when  well  polished,  a  blaze  of 
the  mostexquisite  and  unrivalled  teint.  It  is,  however,  of¬ 
ten  more  or  less  pale,  and  mixed  with  blue  in  various  pro¬ 
portions;  and  the  lilac  blue  is  called  Amethyst,  and  forms 
the  passage  to  the  sapphire.  The  crystals  are  mostly 
small,  and  when  not  worn  by  rubbing,  have  a  brilliant 
external  lustre.  It  varies  in  transparency ;  and  in 
hardness  ranks  the  third  of  all  known  substances,  yield¬ 
ing  only  to  the  diamond  and  sapphire,  nor  will  the  most 
intense  heat  affect  its  colour  or  transparency.  The  ruby 
is  found  in  the  sand  of  certain  streams  near  Syrian, 
the  capital  of  Pegu ;  and  also  with  sapphire  in  the  sand 
of  rivers  in  Ceylon.  Rubies  perfect  in  colour  and  trans¬ 
parency,  of  three  or  four  carats,  and  upwards,  are  less 
common  and  more  valued  than  diamonds. 

The  sapphire  ranks  next  in  value  to  the  ruby,  and 
is  found  chiefly  in  Pegu  and  Ceylon,  in  crystals  not  large, 
yet  larger  than  the  ruby.  It  is  the  hardest  body  next 
the  diamond;  and  when  perfect,  its  colour  is  a  clear 
and  bright  Prussian  blue,  united  to  a  high  degree  of 
transparency ;  but  it  very  seldom  occurs  in  this  state, 
for  often  the  colour  is  a  pale  blue,  passing  gradually 
from  blue  and  red  through  numerous  tints  into  bluish 
white  and  colourless;  and  not  seldom  are  the  pale  varie¬ 
ties  further  deteriorated  by  dark  inky  blue  streaks  and 
spots. 

The  finest  sapphires,  like  most  of  the  gems,  come  from  the  East 
Indies.  Russia  does  not  produce  the  Sapphire.  In  Scotland  they  are 
found  of  a  hardness  and  lustre  equal  to  the  oriental,  both  light  and 
deep  coloured,  at  Benachie,  and  Invercauld,  Aberdeenshire;  Port¬ 
soy  in  Bamffshire,  and  many  other  places. 

The  pale  varieties,  when  highly  ignited,  become  wholly 
colourless;  and  hence,  when  cut  and  polished,  have  of¬ 
ten  been  sold  for  diamonds.  Another  variety  is  the 
Asterias,  or  Star  Stone ,  semi-transparent,  often  of  a 
reddish  purple  tinge;  and  the  secondary  planes  present 
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a  varying  chatoyant*  lustre.  Cut  en  cabochon ,  or  ellip¬ 
tical,  with  its  summit  exactly  over  that  of  the  rhomboid, 
causes  the  appearance  of  a  star  with  six  rays,  whence 
issues,  held  in  sunshine,  a  yellowish  white  light,  in  beau¬ 
tiful  contrast  to  the  rich  purplish  blue  of  the  other  part 
of  the  stone. 

The  topaz,  next  in  value,  is  a  very  beautiful  sub¬ 
stance  ;  the  colour  most  esteemed  is  a  bright  jonquil 
yellow ;  then  a  pure  lemon  yellow ;  it  is  found  in  Brazil, 
Ceylon,  Siberia,  Cornwall,  &c.  in  granite  rocks,  from 
a  pale  wine  yellow  to  sky  blue,  and  crimson  (the  latter 
often  called  Brazilian  rubies);  the  fuller  the  colour,  the 
more  estimable  the  stone.  By  exposure  to  heat,  the 
yellow  topaz  of  Brazil  becomes  red,  and  that  of  Sax¬ 
ony  white;  proving  their  colouring  matter  to  be  dif¬ 
ferent  ;  but  this  experiment  is  hazardous,  as  the  topaz 
is  liable  to  crack  and  flaw  by  the  heat.  The  largest 
ever  known  was  in  the  Museum  of  Natural  History  at 
Paris,  in  weight  about  four  ounces  and  a  quarter. 

The  blue  topaz  (Brazilian  sapphire,)  is  of  recent  introduction  ;  in 
size  from  two  or  three  carats  to  three  ounces  and  upwards.  The 
largest  and  finest  specimen,  cut  and  polished,  weighed  an  ounce  and 
quarter.  The  white  topaz  is  colourless,  and  considerably  exceeding 
rock  crystal  in  lustre  ;  it  is  much  esteemed  in  Brazil,  (called  minas 
novas) ;  is  mostly  of  small  size,  and  is  used  in  circular  ear-rings,  or 
to  set  round  yellow  topazes. 

The  AMETHYST  is  of  various  degrees  of  intensity, 
often  in  the  same  specimen  passing  from  the  richest 
tinge  to  little  if  any  colour.  When  complete  in  trans¬ 
parency  and  the  depth,  richness,  and  uniformity  of  its 
colour,  it  is  much  valued,  and  of  exquisite  beauty.  It 
is  the  only  coloured  stone  that  can  be  worn  with  mourn¬ 
ing.  It  is  sometimes  used  as  a  ring  stone,  but  may 
be  had  of  any  size  for  wearing.  The  most  splendid 
use  of  it  is  as  necklaces ;  the  finest  known  was  among 
the  jewels  possessed  by  her  late  Majesty  Queen 
Charlotte. 

The  CHRYSOLITE  is  found  in  Brazil,  Ceylon,  Sibe¬ 
ria,  and  Egypt ;  of  a  mixed  colour  of  blue  and  yellow. 
It  is  principally  found  in  angular  and  rolled  pieces;  and 
is  the  least  hard  of  the  gems;  yet  is  sometimes  worked 
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up  into  necklaces,  and  similar  ornaments ;  and  when 
well  matched  and  cut,  the  effect  is  very  fine. 

In  the  peridot,  two  or  more  colours  occasionally  occur  in  the 
pame  crystal ;  thus,  in  the  Greville  collection  at  the  British  Museum, 
is  a  specimen  blue  and  red  at  the  two  extremities,  and  yellow  in  the 
middle.  Such  specimens  convince  mineralogists  how  little  depend¬ 
ence  is  to  be  placed  on  mere  colour,  in  characterizing  mineral  species. 
The  names  topaz  and  chrysolite  are  changed  in  modern  use  from  the 
ancient,  for  each  other.  The  peridot  is  found  in  Upper  Egypt.  The 
Emerald  Island  in  the  Red  Sea,  mentioned  by  Bruce  (who  says,  the 
green  substance  he  found  there,  was  scarcely  harder  than  glass),  is 
thought  to  be  the  Topaz  Island  of  Pliny;  and  the  body  in  question  a 
chrysolite.  The  leucite,  is  of  a  greyish  white  and  orange  (hence 
called  the  white  garnet);  it  is  usually  found  in  volcanic  productions, 
and  is  very  abundant  in  the  neighbourhood  of  Vesuvius,  in  crystals  of 
various  sizes,  from  that  of  a  pin-head  to  that  of  an  acorn. 

The  garnet  is  found  in  Bohemia,  Ceylon,  and 
other  countries ;  but  the  chief  mart  formerly  being  Sy¬ 
rian,  the  capital  of  Pegu,  in  India,  the  best  are  often 
denominated  Syrian  garnets.  The  colour  most  esteemed 
is  blood  or  cherry  red ;  mixed  often,  however,  with 
blue,  forming  tints  of  crimson,  purple,  and  reddish  vio¬ 
let  ;  or  orange  red,  and  hyacinth  brown.  The  Syrian 
garnet  is  most  esteemed ;  being  of  a  violet  colour, 
which,  in  some  rare  specimens  makes  it  compete  with 
the  amethyst,  (from  which  it  is  to  be  discriminated  by 
the  disadvantage  of  losing  its  brilliancy,  and  acquiring* 
an  orange  tinge  by  candle-light);  distinct  from  all  other 
garnets,  it  preserves  its  colour  unmixed  with  the  com¬ 
mon  black  tinge,  unassisted  by  foil,  even  when  thick. 

Oxide  of  iron  coloutfc  all  the  gems  except  the  ruby,  whose  beautiful 
red  is  owing  to  a  sixth  of  it  being  chromic  acid.  It  is  almost  certain 
that  too  much  oxide  of  iron  alters  the  properties  of  the  gems,  and 
gives  them  a  reddish  colour,  as  seen  in  the  garnet ;  while  a  small  pro¬ 
portion  is  sufficient  to  colour  them  entirely,  without  injuring  their  play 
and  splendour.  In  fact,  their  perfection  depends  less  on  the  quality 
of  the  component  principles,  than  on  their  complete  solution  and  inti¬ 
mate  combination.  The  alkalized  earths,  as  lime,  magnesia,  and  still 
better  potash,  seem  to  intervene  as  solvents;  for  alumina  completely 
dissolved,  acquires  a  crystallization,  of  which,  by  itself,  it  is  not  sus¬ 
ceptible. 

Gemmoids  may  be  called  degenerated  gems.  Alu¬ 
mina  abounds  only  in  Corundum ,  and  Adamantine 
Spar ,  a  species  which  forms  the  transition  ;  in  the  Som- 
mite  and  Leucolite ,  it  is  in  the  same  quantity  as  silica, 
which  exceeds  in  the  Olivine ;  magnesia  is  found  in  the 
Ceylanite ,  lime  in  Granatite ,  and  much  barytes  in 
Andreolite  and  Staurolite.  Gemmoids  contain  more  of 
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the  oxide  of  iron  than  the  gems,  and  their  colours  are 
more  confused,  and  qualities  less  esteemed. 

Corundum  is  of  a  greenish  white  colour,  and  found 
in  India,  Ceylon,  and  China.  In  1768,  Dr.  Ander¬ 
son  having  sent  a  box  of  it  from  Madras  to  Edinburgh, 
Dr.  Black  first  discriminated  it  from  other  minerals,  and 
it  was  called  adamantine  spar,  (the  proper  name 
of  another  body  found  in  China,  of  a  dark  brown  co¬ 
lour,  which  is  the  only  distinction).  Mr.  Greville,  of 
London,  in  1784,  obtained  specimens  from  India,  with 
its  name  Corundum ;  and  he  and  Count  Bournon  re¬ 
garded  it  as  a  variety  of  sapphire. 

The  Sommite,  found  at  Somma,  usually  mixed  with 
volcanic  productions,  is  of  a  greyish  white.  The  LEU- 
colxte  is  of  various  shades,  from  greyish  white  to 
peach  blossom;  it  is  found  in  Saxony,  and  was  the  second 
stony  mineral  remarked  to  contain  the  fluoric  acid. 
olivine  occurs  chiefly  in  basalt,  and  is  common;  of 
a  yellowish  green  colour,  usually  in  roundish  grains, 
though  sometimes  crystallized.  The  ceylanite 
(from  Ceylon),  was  first  described  by  La  Metherie,  in 
1793 ;  its  colour  is  dark  blue,  and  it  occurs  usually  in 
masses.  The  granatite  is  found  in  Galicia  and  in 
Brittany,  of  a  dark  reddish  brown ;  and  by  the  French 
and  Spaniards  called  Cross  Stone,  because  in  tabular 
crystals  its  prisms  intersect  each  other  at  right  angles, 
forming  a  cross.  The  andreolite  and  stauro- 
lite,  of  a  greyish  white,  occur  in  veins  at  Hartz  and 
Strontian,  and  at  Oberstein  in  crystallized  agate  balls. 

The  characters  of  the  gems  are  a  degree  lower  in  the 
Schorls ,  a  sort  of  crystals  with  tolerably  fine  colours, 
some  splendour,  and  little  hardness.  The  schorls  differ 
little  from  each  other;  silica  and  alumina  constitute 
their  greatest  part,  and  the  former  exceeds  in  all  ex¬ 
cept  the  Tourmaline ,  the  type  of  this  class.  Also  ox¬ 
ides  of  iron  and  manganese,  a  twentieth  of  lime  in 
Pyroxenite  or  schorl  of  volcanos,  and  Amphibolite  or 
black  schorl,  which  last  contains  some  magnesia.  Most 
of  them  are  pyro-electric,  which  seems  connected  with 
volcanic  phenomena;  and  schorls  are  mostly  found  among 
volcanic  products.  The  other  varieties  best  known  are, 
the  Daourite,  or  Siberian  red  schorl ;  the  Zeolites ,  the 
Axinite  or  violet  schorl;  and  the  Actinite.  The  beauty 
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of  stones  decreases  as  their  composition  becomes  com¬ 
plicated,  as  ihe  oxides  increase,  and  as  the  alumina  is 
absorbed,  at  first  by  the  silica,  and  afterwards  by  the 
lime  and  magnesia — earths  susceptible  of  alkalization. 

The  Schists  are  another  considerable  family  of  argil¬ 
laceous  stones.  They  are  compounds  in  which  alumina 
and  iron  always  enter,  but  mixed  with  many  of  the 
other  earths.  Hence  we  find  argillaceous  schists,  the 
common  schists ;  quartz  schists,  or  whetstone,  which, 
because  of  their  hardness,  are  used  to  sharpen  iron; 
magnesian ,  or  horny  schists ;  calcareous ,  harytic ,  and 
ferruginous  schists ,  or  slates. 

The  ARGILLACEOUS  schist  is  less  hard  and 
weighty  than  the  ferruginous,  adheres  to  the  tongue, 
and  softens  in  water;  its  colour  varies  from  yellow  to 
brown,  red,  and  spotted;  very  widely  diffused;  and 
sometimes  forming  entire  mountains,  as  among  the 
Andes,  and  in  other  metallic  regions.  The  species 
which  is  met  with  in  the  Cordilleras,  is  of  a  blue  cast; 
but  it  is  of  various  beautiful  colours,  or  mottled  with 
various  illinitions. 

The  quartz  schist,  or  whetstone,  is  often  of  the 
cameo  kind,  or  disposed  in  layers  of  different  colours, 
the  upper  of  a  whitish  yellow,  and  the  under  of  a  red¬ 
dish  grey;  the  first  being  of  a  finer  texture;  while  the 
latter  seems  to  graduate  into  the  stone  used  to  sharpen 
scythes.  Hones  are  found  in  the  mountains  of  Jura, 
and  the  Vosges:  and  the  substance  was  found  on  dig¬ 
ging  a  very  deep  well  at  Hampstead,  near  London, 
The  finest  are  said  to  be  brought  from  Turkey;  but 
very  good  hones  are  found  near  Namur,  in  Flanders ;  also 
in  Saxony,  Siberia,  Stiria,  and  at  Laurenstein,  where 
they  are  wrought.  They  usually  present  two  layers,  the 
upper  of  a  pale  greenish  yellow,  and  the  under  of  a 
dark  brown. 

The  magnesian  schists  are  of  different  colours, 
found  in  Scotland,  Sweden,  and  Norway ;  and  are  of  a 
very  silky  appearance  and  touch. 

The  calcareous  schists  present  alternate  layers 
of  different  colours,  as  white  and  red,  and  white  and 
green.  The  species  obtained  at  Pappenheim,  in  Ger¬ 
many,  rises  from  the  mine  in  thick  tables,  serving  for 
pavements,  gravestones,  &c.  At  Stonesfield,  near 
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Woodstock,  is  a  large  mine ;  and  the  schists  are  easily 
separated  into  lamina?,  by  mechanical  means,  and  even  by 
the  action  of  the  atmosphere.  They  are  mostly  employed 
for  the  roofs  of  buildings  ;  and  their  separative  property 
depends  on  their  proportion  of  clay,  and  the  nature  of  its 
deposition.  Some  parts  contain  numerous  minute  shells, 
resembling  millet  seeds;  their  deposition  being  more  abun¬ 
dant  on  the  surface,  than  in  the  substance,  of  the  schists. 
In  some  instances,  oxide  ot  manganese  causes  a  singular 
black  arborescent  appearance,  on  the  contiguous  surfaces 
of  adjoining  laminae  ;  similar  to  what  is  observed  in  some 
varieties  of  Florentine  marble.  There  are  mines  of 
these  schists,  called  flags,  in  Lancashire,  Yorkshire, 
and  Derbyshire. 

^  The  ferruginous  schist,  or,  better  denominated, 
Slate,  can  be  easily  slit  into  very  thin  plates,  having'  a 
blackish  blue  colour,  and  impenetrable,  because  of  their 
quantity  ot  iron ;  of  several  varieties,  found  in  Corn¬ 
wall,  Wales,  Westmoreland,  and  Scotland;  also  in 
most  other  parts  of  Europe,  and  in  America. 

Near  Liskeard  are  several  slate  quarries,  which  supply  the  inhabit¬ 
ants  of  Plymouth  with  covering  for  their  houses,  and  for  exportation  • 
but  the  best  covering  slate,  probably  in  England,  is  at  the  quarry  of 
Denyball,  near  Tintagel,  in  the  north  of  Cornwall.  The  quarry  is  300 
yards  long,  100  broad,  and  80  deep.  The  dip  of  the  rock  has  a  south-west 
inclination,  m  strata  first  found  about  a  yard  below  the  soil,  in  a  loose, 
shattery  state,  with  short  fissures,  the  laminae  of  unequal  thickness 
not  horizontal,  for  10  or  12  fathoms,  w  hen  a  firm  and  useful  stone  is  pro¬ 
cured,  of  which  the  largest  pieces  are  used  for  flat  pavements.  This 
is  called  the  top-stone,  for  10  fathoms;  after  which  the  quality  im¬ 
proves  with  the  increasing  depth,  till,  at  24  fathoms  from  the  surface 
is  found  the  bottom-stone,  of  very  superior  kind,  of  a  grey  blue  colour’ 
and  so  fine  a  texture,  as  to  sound  like  a  piece  of  metal.  The  masses! 
ot  from  5  to  14  superficial  square  ftet,  are  separated  from  the  rock  bv 
wedges  and  iron  malls;  and  as  soon  as  the  mass  is  freed  by  one  man 
another  stone  cutter,  with  a  wide  chisel  and  mallet,  is  ready  to  cleave 
it  to  its  proper  thinness,  about  the  sixth  of  an  inch;  the  pieces  bein<^ 
mostly  from  a  foot  square,  to  two  feet  long  by  one  wide,  though  a*t 
tunes,  the  flakes  are  sufficiently  large  for  tables  and  tomb-stones. 

Patrin  informs  us,  that  the  slate  quarries  of  Charleville  in  France 
aie  not  explored  by  open  quarries,  but  by  subterranean  galleries’ 
The  principal  mine  is  that  of  Rimogne,  in  a  hill,  the  mouth  towards 
the  summit.  The  bed  explored,  which  the  workmen  call  the  Plate 
because  of  its  thin  and  fiat  form,  has  an  inclination  to  the  horizon,  of 
;  b  j  feet  thick,  and  its  limits  unknown,  though  it  has  been  pursued  by 
a  principal  gallery  400  feet  deep,  and  many  lateral  ones  on  each  side  of 
it,  above  200  feet ;  with  26  ladders,  placed  in  succession,  for  the  passage 
of  the  workmen,  and  conveyance  of  the  slate.  But  of  the  60  feet 
only  40  are  good  slate;  of  an  excellent  quality,  and  deep  blue  colour! 

Io  quarry  these  slates,  they  cut  out  blocks,  called  faix,  about  200 
pounds  in  weight;  which  each  workman,  in  his  turn,  carries  on  his 
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back,  with  infinite  labour,  up  the  ladders,  according  to  the  depth,  to 
the  mouth  of  the  mine.  There  the  workman  holds  the  block  between 
his  legs,  and  with  a  chisel  put  any  where  to  the  side,  with  the  stroke 
of  a  mallet,  easily  splits  it  into  repartons ,  afterwards  treated  similarly, 
till  of  the  requisite  thinness. 

Clays  form  the  last  family  of  the  Argillaceous 
genus,  and  present  several  varieties,  as  common  clay , 
potter  s  clay ,  pipe  clay ,  lithomarge,  mountain  soap ,  &c. 
all  containing  more  or  less  oxide  of  iron  and  silica. 
Aluminous  stones  are  also  found,  similar  to  a  whitish 
hardened  clay,  whence  alum  is  extracted.. 

At  Halle,  in  Saxony,  is  found  a  species  called  PURE 
clay,  of  a  snow  white  colour,  and  fine  quality.  Com¬ 
mon  Clay,  used  for  bricks,  & c.  is  very  impure,  mixed 
with  mica,  and  iron^ochre;  of  a  yellowish  grey  and 
brown  colour,  and  not  heavy.  Potters*  clay  occurs  in 
separate  strata,  or  beds,  of  a  smoke  grey  colour ;  while 
porcelain  CLAY  sometimes  constitutes  rocks,  but  is 
merely  decomposed  felspar.  When  of  a  greyish  white, 
it  is  called  pipe  clay,  of  a  light  nature, — all  adhering 
to  the  tongue,  and  being  greasy  to  the  touch.  The 
noted  Kaolin  of  China,  the  chief  ingredient  in  their 
porcelain,  is  decomposed  felspar,  from  an  entire  rock, 
(called  Petuntze)  as  it  is  without  quartz ;  and  that  of 
Limoges,  in  France,  the  chief  ingredient  of  the  Sevres 
porcelain,  is  decomposed  granite,  whence  the  grains  of 
quartz  are  very  carefully  separated.  The  clay  of  which 
the  Egyptian  vases  have  so  long  been  formed,  is  of  a 
marly  nature,  fawn  colour,  and  a  porous  and  light  con¬ 
sistence,  found  near  Coptos,  in  the  Thebaid.  'Porous 
vases,  which,  by  evaporation,  impart  great  coolness  to 
water,  are  made  also  in  Spanish  America,, 

The  alum  rock  at  Tolfa,  where  rocke  alum  is  made, 
was  discovered  ny  a  person  who  had  escaped  from  cap¬ 
tivity  in  Turkey,  where  he  had  worked  in  some  alum 
works.  Ferber  says, 

“  The  Alum  Hills,  at  Tolfa,  are  very  high,  shining,  white  rocks,  se¬ 
parated  by  a  long  valley,  and  large  excavations,  thus  made : — the 
workmen  descend  to  the  steep  rocks  by  ropes;  then  bore  blasting 
holes,  fill  them  with  cartridges,  free  the  rocks  by  former  blastings 
loosened,  and  are  then  pulled  up.  The  'powder,  is  fired  by  dry 
branches  and  leaves,  which  they  can  th  ow  from  on  high,  to  any  place 
below.  The  rock  is  whitish  grey,  extremely  compact  and  hard. 
Scraped  with  a  knife,  it  yields  a  powder,  not  fermenting  with  any 
acid,  being  argillaceous,  and  penetrated  by  vitriolic  acid.  Some 
blueish  grey  shivery  pieces  are  rejected;  (probably  the  remains  of 
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the  natural  argillaceous  stone,  not  sufficiently  whitened  by  imbibing 
the  vitriolic  acid.)  In  some  cracks  is  a  chalk- white  ductile  clay. 
Some  pieces  are  blueish  grey,  with  white  spots,  caused  by  the  acid: 
much  like  the  half  dissolved  black  lava  in  Solfaterra,  with  white  gar¬ 
net-like  schorls;  only  thus  differing — in  Solfaterra,  the  acid  worked 
on  lava;  here,  on  a  blueish  argillaceous  stone.  The  acid  here  seems 
produced  by  subterranean  steams  penetrating,  and  changing  the  argil¬ 
laceous  stones  into  alum  ore.  The  aluminous  rock  appears  to  be  an 
indurated  clay,  imbibing,  and  whitened  by  vitriolic  acid,  and  contain¬ 
ing  some  calcareous  particles,  which  precipitate  a  selenites  in  the 
troughs  of  the  alum  manufactories. 

The  blasted  stones  are  calcined  in  furnaces  w  ith  an  inverted  conical 
form,  the  upper  diameter  being  about  eight  feet,  in  the  open  fields, 
separated  only  by  a  surrounding  covering  of  turf  and  mould.  Some 
wood  is  put  at  the  bottom,  on  which  is  heaped  alum-stone,  in  a  rising 
cone,  above  the  mouth,  9  or  10  feet  high,  same  as  the  depth.  The 
wood  is  fired  by  a  vent,  near  the  bottom,  and  the  whole  is  burned  in 
about  three  hours;  when  the  heated  stones  are  carried  about  one  Ita¬ 
lian  mile,  to  the  boiling-house,  and  put  into  large  square  wooden 
reservoirs,  half  sunk  in  the  ground,  with  a  suitable  quantity  of  water 
for  steeping,  and  dissolution,  which  is  then  conveyed  into  large  square 
wooden  settlers,  wherein  the  dregs  fall  to  the  bottom.  The  clear 
lixivium  is  then  boiled  sufficiently,  in  brass  pans,  after  which  it  is 
conveyed  into  wooden  coolers,  and  the  alum  crystallizes  red  and 
white  on  the  sides.’* 

Silicium  is  the  metallic  base  of  the  Silicious  genus , 
which  follows  the  Argillaceous ;  and  are  the  most  com¬ 
mon  elements  that  enter  into  the  composition  of  stones. 
This  genus  offers  four  families;  Quartz ,  Silex,  Horn - 
stone ,  and  Petro silex. 

Quartz,  very  abundant  on  the  globe,  is  mostly 
found  in  irregular  masses,  with  polished  facets,  and  of 
all  colours,  possessing  transparency,  brilliancy*-  and 
hardness.  Sometimes  quartz,  purified  in  its  principles, 
appears  in  a  regular  rhomboidal  form,  similar  to  gems, 
from  which  it  differs  only  by  less  hardness,  weight,  play, 
&c.  Such  is  rock  crystal,  (sometimes  abroad  mis¬ 
taken  for  diamond,  and  some  of  the  most  brilliant  crys¬ 
tals  found  in  Ireland,  and  Cornwall,  often  get  the  ap¬ 
pellation  ;  while  the  coloured  varieties,  according  as  the 
teints  resemble  real  gems,  take  the  name  of  false  topaz , 
false  ruby ,  water  sapphire ,  and  amethyst ;)  imitating 
the  nature  of  the  diamond,  by  its  perfect  transparency, 
and  the  purity  of  its  crystallization. 

The  clearest  and  most  esteemed  rock  crystal, 
comes  from  Madagascar,  in  blocks  of  from  50  to  100 
pounds  weight;  in  Switzerland,  and  in  Auvergne,  very 
fine  specimens  are  procured;  and  inferior  ones,  for  size 
or  clearness,  occur  in  almost  every  part  of  the  world. 
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The  yellow  specimens  are  called  false  topaz,  (To- 
pazine  Quartz ,  and  Smoke  Quartz ;)  often,  in  intensity, 
equalling  the  Saxon  topaz,  yet  very  inferior  to  that 
of  Brazil. 

The  false  ruby,  as  yet  little  known  to  jewellers,  is 
Rose  Quartz,  of  a  very  beautiful  pale  pink  colour,  and 
far  superior  to  rock  crystal,  as  an  ornament. 

Silex  resembles  the  argillaceous  genus;  the  cha¬ 
racteristics  decrease,  in  proportion,  as  the  quantities  of 
silica  and  alumina  are  more  equal;  as  in  the  family  of 
SILEX,  distinguished  from  the  quartz,  by  their  unde¬ 
termined  form,  slight  transparency,  and  milky  aspect. 
Thus,  the  silex  is  to  rock  crystal,  what  the  gemmoids 
are  to  the  gems ;  and  their  comparative  value  is  simi¬ 
lar.  The  chalcedonies,  agates,  heliotropes,  cat’s  eyes, 
opals,  girassols,  hydrophanes,  frissites,  jaspers,  and  me- 
nilites,  (all  to  silex,  what  rock  crystal  is  to  quartz,)  are 
much  esteemed,  because  of  their  singularities,  and  their 
utility  in  the  arts. 

The  chalcedony  is  found  in  Cornwall,  Scotland, 
Iceland,  India,  Arabia,  Hungary,  Saxony,  and  the 
Faro  islands,  mostly  amorphous,  or  in  rounded  masses, 
but  sometimes  in  pseudo-crystals,  of  varied  grey  co¬ 
lour:  the  smalt  blue  variety  is  the  rarest,  and  most 
esteemed. 

The  AG/VTE  is  found  in  various  parts  of  Britain,  and 
Ceylon,  of  varied  colours,  hardness,  and  lustre.  Near 
Dunbar,  in  Scotland,  are  found  those  beautiful  granu¬ 
lar  concretions,  called  Scots  Pebbles,  admired  for 
their  concentric  zones,  of  delicate  colour  and  exquisite 
polish,  when  formed  into  brooches,  necklaces,  &c. 

The  concentric  agates  with  zones  very  distinct,  and  colours  strongly 
contrasted,  are  generally  called  onyx,  and  when  large,  are  highly 
prized.  Those  with  alternate  bands  of  green  and  white,  and  red  and 
white,  are  in  high  estimation.  But  those  in  which  plates  of  sarde 
alternate  with  others  of  nearly  opaque  white  carnelian,  are  the  most 
beautiful,  and  very  highly  valued  ;  and  are  called  sardonyx. 

The  cat’s  eye  comes  from  Ceylon,  is  in  general 
less  than  a  hazel  nut,  but  rarely  seen  by  European 
mineralogists  before  polished  by  the  lapidary.  The 
colour  is  various,  yellow,  green,  and  even  red;  and 
in  certain  positions,  when  cut  in  high  cabochon,  it 
reflects  a  peculiar  white  splendid  light,  resembling  the 
eye  of  a  cat;  its  texture  is  so  compact  that  its  foliations 
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are  scarcely  discernible;  it  will  strike  fire  with  steel, 
being-  as  hard  as  rock  crystal,  but  easily  frangible. 

The  OPAL  is  found  in  many  parts  of  Europe,  espe¬ 
cially  in  Plungary,  and  small  rounded  pieces  of  it  oc¬ 
cur  in  the  sand  of  Ceylon :  it  is  of  a  milk  white,  or  pearl 
grey  colour ;  and  when  placed  between  the  eye  and  the 
light,  emits  various  rays,  with  beautiful  effulgence,  as 
pale  rose  red,  or  wine  yellow,  with  a  milky  semi-trans¬ 
parency  ;  the  colours  being  more  bright  and  splendid, 
because  they  are  not  occasioned  by  any  particular  tinge 
of  the  substance,  but  by  its  peculiar  property  of  refract¬ 
ing  the  solar  rays. 

Jasper  occurs,  like  chalcedony,  in  veins,  in  differ¬ 
ent  parts  of  Europe  and  Asia;  it  is  hard,  compact, 
and  takes  an  exquisite  polish ;  of  varied  colours  and 
kinds;  opake,  and  sometimes  the  colours  appear  in 
stripes,  bands,  dots,  and  flames.  The  striped  green 
and  brown  Siberian  jasper  possesses  great  beauty ;  but 
the  Egyptian  is  chiefly  used  for  brooches  and  beads. 

The  HORNSTONES  have  only  a  very  feeble  semi¬ 
transparency,  and  an  aspect  like  that  of  horn.  The 
hornstein  of  the  Germans  {chert  of  England),  is  the 
type  of  this  family ;  its  analysis  gives  only  eighty  parts 
of  silica,  and  twenty  of  alumina;  consequently  it  never 
crystallizes,  and  has  no  determinate  colour. 

The  stones  called  petrosilex,  real  proteuses,  of  which 
it  is  difficult  to  fix  the  characters,  connect  themselves, 
by  their  numerous  modifications,  to  all  the  genera  of 
stones.  The  true  petrosilex  is  composed  of  seventy- 
two  silica,  twenty-two  alumina,  and  six  lime,  having  in 
an  inferior  degree  the  characters  of  the  silex.  Some¬ 
times  oxide  of  iron  and  magnesia  are  joined  with  it, 
producing  a  sort  of  siliceous  schist;  sometimes  car¬ 
bonated  and  sulphurated  lime,  oxide  of  iron  and  water, 
as  in  the  lazulite,  found  in  quartz  at  Vorau  in  Sti- 
ria,  of  a  blue  colour,  massive,  feebly  translucent,  and 
easily  frangible;  and  the  lapis  lazuli  {azure  stone), 
found  in  limestone  rocks  in  Persia  and  China,  is  of  a 
glistening  lustre,  and  feebly  translucent;  it  is  also  blue; 
never  crystallized,  harder  than  glass :  hence  it  is  often 
made  into  brooches,  and  ultra-marine  is  formed  from  it. 
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Hitherto  diamonds  have  been  observed  in  the  torrid  zone  alone; 
and  Brazil  is  the  only  part  of  the  Americas  in  which  they  have 
been  found.  The  historical  account  of  their  discovery  in  that  country 
is  as  follows :  near  the  capital  of  the  territory  of  Serro  do  Frio  flowrs 
the  river  Milho  Verde,  where  it  was  the  custom  to  dig  for  gold,  or 
rather  to  extract  it  from  the  alluvial  soil.  The  miners,  during  their 
search  for  gold,  found  several  diamonds,  which  they  were  induced  to 
lay  aside  in  consequence  of  their  particular  shape  and  great  beauty, 
although  they  were  ignorant  of  their  intrinsic  value. 

The  diamond  works  on  the  river  Jigitonhonha  are  described  by  Mr. 
Mawe  as  the  most  important  in  the  Brazilian  territory.  The  river,  in 
depth  from  three  to  nine  feet,  is  intersected  by  a  canal,  beneath  the 
head  of  which  it  is  stopped  by  an  embankment  of  several  thousand 
bags  of  sand,  its  deeper  parts  being  laid  dry  by  chain-pumps.  The 
mud  is  now  washed  away,  and  the  cascalhao ~  or  earth  which  contains 
the  diamonds,  dug  up,  and  removed  to  a  convenient  place  for  washing. 
The  process  is  as  follow  s  :  A  shed,  consisting  of  upright  posts,  which 
support  a  thatched  roof,  is  erected  in  the  form  of  a  parallelogram,  in 
length  about  90  feet,  and  in  width  45.  Down  the  middle  of  its  area  a 
current  of  water  is  conveyed  through  a  canal  covered  with  strong 
planks,  on  which  the  earth  is  laid  to  the  thickness  of  tw  o  or  three 
feet.  On  the  other  side  of  the  area  is  a  flooring  of  planks,  from  12 
to  15  feet  in  length,  imbedded  in  clay,  extending  the  whole  length  of 
the  shed,  and  having  a  gentle  slope  from  the  canal.  This  flooring  is 
divided  into  about  20  compartments,  or  troughs,  each  about  three  feet 
wide,  by  means  of  planks  placed  on  their  edge;  and  the  upper  end 
of  these  troughs  communicate  with  the  canal,  being  so  formed  that 
water  is  admitted  into  them  between  two  planks  about  an  inch  sepa¬ 
rate  from  each  other.  Through  this  opening  the  current  falls  about 
six  inches  into  the  trough,  and  may  be  directed  to  any  part  of  it,  or 
stopped  at  pleasure,  by  means  of  a  small  quantity  of  clay.  Along  the 
lower  ends  of  the  troughs  a  small  channel  is  dug,  to  carry  off  the  water. 

On  the  heap  of  earth,  at  equal  distances,  three  high  chairs  are 
placed  for  the  overseers,  who  are  no  sooner  seated  than  the  negroes 
enter  the  troughs,  each  provided  with  a  rake  of  a  peculiar  form,  and 
having  a  short  handle,  w  ith  which  he  rakes  into  the  trough  from  50  to 
80  pounds  weight  of  the  earth.  The  water  being  then  allowed  to  pass 
in  by  degrees,  the  earth  is  spread  abroad,  and  continually  raked  up 
to  the  head  of  the  trough,  so  as  to  be  kept  in  constant  motion.  This 
operation  is  continued  for  a  quarter  of  an  hour,  when  the  water 
begins  to  run  clearer;  and,  the  earthy  particles  having  been  washed 
away,  the  gravel-like  matter  is  raked  up  to  the  end  of  the  trough. 
At  length  the  current  flowing  quite  clear,  the  largest  stones  are 
thrown  out,  and  afterwards  those  of  an  inferior  size';  the  whole  is 
then  examined  with  great  care  for  diamonds.  When  a  negro  finds 
one,  he  immediately  stands  upright,  and  claps  his  hands;  he  then  ex¬ 
tends  them,  holding  the  gem  between  the  fore  finger  and  the  thumb. 
When  a  negro  is  so  fortunate  as  to  find  a  diamond  of  the  weight  of 
17  carats  and  a  half,  the  following  ceremony  takes  place:  he  is 
crowned  with  a  wreath  of  flowers,  and  carried  in  procession  to  the 
administrator,  who  gives  him  his  freedom  by  paying  his  owner  for  it. 
He  also  receives  a  present  of  new  clothes,  and  is  permitted  to  work 
on  his  own  account.  For  smaller  stones  proportionate  premiums  are 
given;  while  many  precautions  are  taken  to  prevent  the  negroes  from 
stealing  the  diamonds,  with  which  view  they  are  frequently  changed 
by  the  overseers.  When  a  negro  is  suspected  of  swallowing  a  dia¬ 
mond,  he  is  confined  in  a  solitary  apartment,  [and  means  taken4i to 
bring  the  gem  to  light. 
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LECTURE  XXVII. 


ON  THE  MOUNTAINS. 

There  Winter,  armed  with  terrors  here  unknown, 

Sits  absolute  on  his  unshaken  throne ; 

Piles  up  his  stores  amidst  the  frozen  waste, 

And  bids  the  mountains  he  has  built,  stand  fast, 

Beckons  the  legions  of  his  storms  away 
From  happier  scenes  to  make  the  land  a  prey  ; 

Proclaims  the  soil  a  conquest  he  has  won, 

And  scorns  to  share  it  with  the  distant  sun. 

Although  the  earth  at  the  distance  of  Venus,  or  even 
at  the  smaller  distance  of  the  Moon,  would  appear  to  be 
a  perfect  sphere,  yet  those  bodies,  when  examined  with 
a  telescope,  like  the  earth,  exhibit  great  inequalities. 
Nevertheless,  in  such  a  mass  as  the  earth,  the  mountains 
subtract  less  from  its  spherical  figure  than  the  rough¬ 
ness  on  the  rind  of  an  orange  subtracts  from  its  sphericity. 
For,  although  few  mountains  on  the  earth  are  four  miles 
high,  that  elevation  is  but  the  two  thousandth  part  of 
the  diameter  ;  and  the  roughnesses  on  an  orange  being 
taken  at  the  hundredth  part  of  an  inch,  and  the  orange 
at  three  inches,  those  roughnesses  are  the  three  hundredth 
part  of  the  diameter,  and  in  proportion  six  times  greater, 
with  reference  to  the  whole  orange,  than  the  highest  ridge 
of  mountains  is  with  reference  to  the  earth.  Such  being 
the  case  in  regard  to  the  ridges  of  the  Himalayas  in  Thi¬ 
bet,  and  the  Andes  in  South  America— the  Alps,  the 
Pyrennees,  and  the  mountains  of  Scotland  and  Wales, 
sink  into  comparative  insignificance. 

The  formation  of  mountains  is  a  subject  of  difficulty. 
If  the  sea  now  flowed  over  the  countries  in  which  they 
are  situated,  they  would  constitute  chains  of  islands  in 
those  seas;  and  from  what  we  know  of  the  depth  of 
soundings  round  St.  Helena,  and  other  islands,  we  may 
consider  them  as  mountains  rising  from  the  bed  of  the 
present  ocean.  The  circumstance  that  marine  remains 
are  found  at  great  elevations  in  mountains,  demonstrates 
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beyond  the  possibility  of  doubt,  that  the  sea  must  have 
flowed  for  many  ages  at  those  elevations.  But  the  apexes 
seem  by  their  structure  to  have  constituted  parts  of  the 
original  crust  of  the  earth  ;  unless  indeed  we  are  to  sup¬ 
pose  that  in  all  instances  they  are  volcanic,  and  have  been 
raised  to  their  present  heights  by  discharges  of  lava,  and 
the  scoria;  of  internal  local  fires.  This  last  seems  to  be  a 
probable  supposition,  and  in  that  case  mountains  must 
be  regarded  as  the  work  of  time.  When  raised  the  re¬ 
turning  action  of  the  sea  at  their  base  may  have  undermined 
them,  and  we  may  probably  ascribe  to  their  overthrow 
many  surprising  irregularities  which  appear  on  the  sur- 
race  of  tiie  earth. 

With  regard  to  the  formation  of  minor  hills  and  vahevs 

there  seems  no  difficulty  in  ascribing  them  to  the  action 

m  water.  For  it  is  a  well-known  fact  that  successive 
tides,  acting  on  the  loose  shingle  and  sand  on  the  shores 
press  the  base  of  any  elevation  in  such  manner  as  con¬ 
stantly  to  raise  it  higher  and  higher  above  the  water  •  in¬ 
somuch  that  the  sea  thus  forms  its  own  banks  and  bound¬ 
aries.  Almost  every  coast  presents  instances  of  these 
formations,  but  they  are  particularly  conspicuous  in  the 
sand  hills  on  the  coast  of  Flanders,  where  a  line  of  sard 
hills  has  palpably  been  forced  up  and  gradually  accu¬ 
mulated  by  the  sea,  to  the  height  of  one  or  two  hundred 
feet  above  its  level.  Hence,  it  is  not  even  necessary  that 

!  ec“r"ng  tllfes  should  actually  overflow  a  country  to  form 
its  hills  and  inequalities.  J 

The  most  striking  circumstance  in  the  structure  of  rocks 
is  their  disposition  into  strata  or  layers,  placed  one  above 
tiie  othei,  sometimes  thick,  but  sometimes  so  thin,  as  to 
present  the  appearance  which  we  call  slate .  This  strati- 
bed  structure  deserves  notice,  not  only  in  itself,  but  as 
affording  an  index  to  the  early  formation  of  the  globe  • 
since  it  can  only  be  accounted  for  by  the  supposition  of 
these  rocks  having  been  deposited  from  water.  A  oreat 
proportion  of  rocks,  however,  are  unstratified,  and  their 
parts  are  arranged  sometimes  in  globular  or  columnar 
masses,  but  more  frequently  with  perpendicular  and  cross 
rents,  giving  to  the  face  ot  such  rocks  the  appearance  of 
stairs,  whence  mineralogists  have  applied  to  them  the 
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appellation  of  trap.  These  original  formations  are  va¬ 
riously  traversed  by  foreign  substances  in  the  form  of 
veins,  which  exhibit  many  curious  phenomena,  and  in 
which  the  more  valuable  metallic  and  mineral  substances 
are  usually  found  incorporated. 

The  low  land  of  the  globe  may  be  divided  into  vallies 
and  plains.  The  vallies  or  river  districts  consist  of  a 
hollow  tract,  often  bordered  on  each  side  by  mountains 
or  hills,  and  at  the  bottom  of  which  runs  the  river,  into 
which  a  succession  of  tributaries  usually  fall.  The  ex¬ 
tensive  vallies,  traversed  by  great  rivers,  are  commonly 
the  finest  and  most  beautiful  regions  of  the  earth.  Large 
plains,  neither  diversified  by  mountains  nor  rivers,  are 
often  found,  especially  under  the  torrid  zone,  to  labour 
under  the  want  of  moisture.  Hence  immense  tracts  are 
found  covered  either  with  loose  sand,  or  with  a  hard  and 
impenetrable  clay,  both  equally  unproductive  of  any  va¬ 
luable  vegetation. 

In  the  mountain  districts,  the  most  conspicuous  feature 
consists  in  the  rocks  of  which  they  are  composed  ;  but  a 
full  investigation  of  their  structure  and  component  parts 
has  already  been  given  in  this  work. 

Mr.  Jameson  observes,  that  the  form  of  every  moun¬ 
tain  depends  upon  the  species  of  rock  of  which  it  is  com¬ 
posed,  and  is  not  affected  by  any  other  circumstance. 
Granite,  when  exposed,  exhibits  high  and  steep  cliffs, 
sometimes  vast  mural  precipices,  and  often  shoots  up  into 
those  lofty  and  precipitous  summits,  which  are  denomi¬ 
nated  peak's.  This  steep  and  rugged  character  is  less 
conspicuous  in  gneiss,  and  still  less  in  mica  slate,  while  in 
clay  slate  there  appear  only  smooth  and  round  backed 
mountains,  without  cliffs  or  precipices.  The  earlier  lime¬ 
stone  presents  rough  cliffs,  immense  mural  precipices, 
narrow  and  deep  valleys.  The  later,  or  floetz  limestone, 
forms  extensive  tracts  of  flat  country,  intersected  by  nar¬ 
row  and  deep  valleys,  sometimes  by  rocky  cliffs  and  tre¬ 
mendous  rents.  Fragments  of  rock  falling  into  these  val¬ 
leys,  and  being  cemented  by  calc  finter,  form  large  caves, 
which  accompany  this  limestone  in  every  part  of  the 
globe.  1  hese  caves  abound  in  the  mountains  of  Ger¬ 
many,  particularly  in  the  Julian  Alps. 
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,  Sandstone  usually  forms  mountains  of  secondary  mag¬ 
nitude  ;  but  in  consequence  of  the  softness  of  its  compo¬ 
sition,  which  causes  it  to  be  easily  acted  upon,  and  par¬ 
tially  broken  down  by  external  causes,  no  rock  presents 
so  great  a  variety  of  form.  This  is  peculiarly  conspicuous 
m  the  latest  formation  called  by  Werner  the  third  sand¬ 
stone.  “  Its  valleys  (says  Mr.  Jameson)  are  deep,  rocky, 
and  romantic  ;  its  hills  conical,  steep,  and  cliffy  ;  and  it 
often  presents  grand  colossal  pillars  and  masses,  which, 
from  their  number  and  the  variety  of  their  shape,  form 
most  striking  rocky  scenes.”  In  several  parts  of  Africa, 
and  m  Russia  along  the  W  olga,  these  rocky  masses  pre¬ 
sent,  at  a  little  distance,  the  appearance  of  large  cities  in 
rums;  and  they  have  sometimes,  by  superficial0 travellers 
been  described  as  such.  * 

We  shall  now  proceed  briefly  to  enumerate  the  principal 
chains  of  mountains,  which  may  be  ranked  amongst  the 
most  stupendous  phenomena  of  Nature,  and  of  which  we 
have  presented  a  comparative  view,  in  the  Engraving. 

In  Europe  we  find  but  two  high  lands  and  one°*low 
land.  The  one  is  the  great  European  or  southern  ele¬ 
vation  of  the  Alps  and  Pyrennees,  the  other  the  Scandi¬ 
navian  or  northern  elevation  in  Sweden  and  Norway. 
The  one  has  its  middle  point  in  Switzerland,  in  the  Tyrol* 
and  in  the  Alps  of  Savoy.  ITence  it  passes  through  three- 
fourths  of  France,  traverses  the  whole  of  Portugal  and 
Spain,  includes  nearly  two-thirds  of  Germany,  passes 
through  the  greater  part  of  Italy,  and  also  part  of  Hungary 
and  i  urkey,  and  terminates  on  the  borders  of  the  Black 
Sea.  The  course  of  this  high  land  determines  that  of  the 
great  low  land.  Saxony  lies  nearly  on  the  border  of  this 
low  land  or  plain.  It  passes  through  the  north  part  of 
Saxony,  to  the  east  or  Baltic  Sea.  It  also  passes  by  the 
foot  of  the  Alpine  mountains,  through  the  upper  part  of 
VVestphaha,  and  further  through  the  whole  of  Holland 
the  Netherlands,  and  a  small  part  of  France;  it  even 
reaches  the  east  coast  of  Britain.  It  extends  very  con¬ 
siderably  towards  the  north,  including  in  its  course  Prussia, 
Poland,  and  nearly  all  Russia  in  Europe,  and  reaches 
to  the  Urahan  mountains,  including  the  greater  part  of 
Moldavia.  The  other  mass  of  high  land  lies  in  Norway 
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and  Sweden,  and  presents  a  dreary  and  inhospitable  as¬ 
pect.  If  Europe  were  to  be  modelled,  or  seen  at  the 
distance  of  the  moon,  it  would  therefore  present  two 
masses  of  hills,  and  extended  plains  lying  between  them, 
with  various  sinnosities  among  the  mountains. 

THE  PYRENNEES; 

Here,  ’midst  the  changeful  scenery,  ever  new, 

Fancy  a  thousand  wond’rous  forms  descries, 

More  wildly  great  than  ever  pencil  drew  ; 

Rocks,  torrents,  gulfs,  and  shapes  of  giant  size, 

And  glittering  cliffs  on  cliffs,  and  fiery  ramparts  rise. 

Spain,  almost  separated  from  Europe  by  the  Pyrennees, 
would  have  the  soil  and  climate  of  Africa,  were  it  not 
intersected  by  high  mountains,  whence  flow  numerous 
rivers,  which  rise  from  several  chains  of  mountains  that 
go  off  from,  and  run  parallel  to  the  mass  of  the  Pyrennees. 
Their  granite  base  supports  calcareous  and  schistous 
blocks,  whose  summits  are  indented  like  a  saw,  thenee 
named  Sierra .  Some  summits  are  lofty,  and  ever  cover¬ 
ed  with  snow ;  others  are  steep  rocks  without  any  earth, 

like  the  mountains  of  Portugal. 

The  mass  of  the  Pyrennees  is  very  steep  ;  the  valleys  are  trans¬ 
versal  in  an  opposite  direction,  joining  by  their  upper  part  in  the 
intervals  between  the  peaks.  Here,  from  narrow  passages  opened 
at  immense  heights,  the  eye  plunges  on  the  plains,  watered  by  the 
Ebro  and  Garonne.  A  perpendicular  wall  rises  as  the  boundary 
between  Spain  and  France,  with  an  abrupt  interruption,  where 
the  rocks  curved  like  an  arch  open  and  form  a  colossal  gate  called 
JJrechc  de  Roland .  It  serves  as  a  support  to  the  circus  of  Mar- 
bore ,  1400  feet  high,  and  crowned  by  towers  whose  battlements 
are  hidden  under  continual  snows.  From  the  battlements  twelve 
torrents  rush,  and  from  range  to  range  proceed  with  foaming  waves 
to  the  bottom  of  the  circus.  This  is  the  fall  of  the  Gave,  one  of 
the  most  considerable  in  the  wrnrld.  Its  waters  force  a  passage 
below  the  continual  snows,  and  often  the  natural  bridge  sinking 
under  its  own  weight, its  ruinsare  borne  along  by  the  torrent,  which 
increases  the  uproar.  When  the  torrent  reaches  the  picturesque 
valley  of  Barrege,  the  steep  rocks  affond  many  mineral  waters, 
which,  mixing  with  those  of  the  Gave,  fertilize  the  meadows  of  Bearn. 

The  composition  of  the  Pyrennees  is  remarkable  ;  every  peak 
being  a  nucleus  of  aggregation,  and  the  great  chain  an  assemblage 
of  intertwisted  links  connected  by  their  base.  The  peaks  are  sel¬ 
dom  central  in  their  links,  but  incline  southward.  All  are  of  gra- 
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nite ;  in  some  entire,  in  others  with  salient  bands,  and  some  times 
with  great  crystals  of  felspar.  These  nuclei  have  a  powerful  ef¬ 
fect,  as  the  crystallization  of  the  rocks  decreases  ifi  the  ratio  of 
the  distance  from  the  main  peak  ;  hence  the  rocks  of  first  and  se¬ 
cond  formation  constantly  alternate  ;  and  as  each  link  does  not 
equally  partake  the  direction  of  the  great  chain,  the  latter  is,  on 
several  points,  traced  by  the  stratified  rocks  which  terminate  the 
crest  in  diversified  curves. 

The  highest  summits  are  Canigou,  Piedu  Midi,  and  Mont  Perdu, 
which  last  is  10,578  feet  high.  The  glaciers  begin  at  1200  toises 
above  the  sea,  and  are  of  moderate  extent ;  perhaps  because  the 
mass  is  not  very  broad,  or  highly  elevated  ;  or  the  vicinity  of  the 
two  seas  keeps  up  a  humidity  which  renders  the  ice  less  permanent. 
The  great  drains  of  water  are  on  the  French  side.  The  Ande, 
and  some  less  considerable  rivers,  run  east  towards  the  Mediter¬ 
ranean,  after  traversing  the  elevated  plains  of  Bearn  and  Roussillon. 
The  Garonne  and  its  numerous  feeders  run  west ;  at  first  it  is  a 
torrent,  falling  in  cascades  from  the  Montaigne  Maudite  into  a 
basin  80  feet  deep  which  it  has  hollowed  out  of  the  calcareous 
rock,  which  terminates  the  valley  Artigues  Telline ;  a  grotto 
opens,  the  torrent  escapes  through,  mixes  its  waters  with  those  of 
the  valley  of  Aran,  and  is  then  called  Garonne.  Its  basin  is  a 
vast  plain,  sloped  north-west,  terminating  in  the  gulf  of  Gascony. 
The  soil  is  light,  with  sandy  tracts  on  each  side  the  river,  which 
readies  the  sea  by  a  broad  mouth,  up  which  the  tide  ascends  very 
high. 

THE  ALPS. 

Again,  where  Alpine  solitudes  ascend, 

I  sit  me  down  a  pensive  hour  to  spend  ; 

And,  placed  on  high  above  the  storm’s  career, 

Look  downward  where  a  hundred  realms  appear  j 
Lakes,  forests,  cities,  plains  extending  wide, 

The  pomp  of  kings,  the  shepherd’s  humbler  pride. 

The  Alps  begin  beyond  the  Var,  near  the  Mediter¬ 
ranean  ;  ascend  north  to  the  Valais ;  to  the  east  they 
form  a  buttress  to  Helvetia,  stretch  circularly  in  the  Il¬ 
lyrian  provinces,  and  advance  to  the  Adriatic  near  Trieste 
and  Fiume.  Mont  Blanc,  west  of  the  Valais,  is  the  prop 
of  the  chain,  and  also  the  most  elevated  summit,  being 
14,880  feet  above  the  level  of  the  sea.  From  its  chain 
extend  colossal  needles,  semicircularlv,  like  an  immense 
coliseum ;  to  the  west  the  Col  du  Geant,  Mount  Cenis, 
Ilock  Nelson,  and  Mount  Viso.  East,  are  the  peaks  of  Ar- 
genterie  and  Midi,  Great  St.  Bernard,  Simplon,  Mount 
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Arvin,  St.  Gothard,  the  Pic  de  Tempeles,  the  Septimer 
in  the  Grison,  the  Ortelor  in  the  Tyrol,  and  the  Terklow 
in  Carniola. 

The  Alps  have  few  intertwisting  links  ;  only  two  join¬ 
ing  St.  Gothard,  whose  duplex  composition  is  proved  by 
the  unequal  distribution  of  the  metallic  rocks,  less  com¬ 
mon  than  in  the  Pyrennees.  Gold  and  copper  lie  west¬ 
ward  ;  and  iron,  lead,  and  mercury,  in  Styria  and  Car¬ 
niola.  The  valleys  are  longitudinal,  the  branches  go  off 
at  right  angles  ;  except  the  Valais,  which  stretches  paral¬ 
lel  to  the  mass.  The  granite  is  of  the  same  nature  as  in 
the  Pyrennees,  but  in  the  Alps  it  is  disposed  in  immense 
layers,  or  vertical  superimposed  banks. 

The  tops  of  the  A  Ips  are  covered  with  snows,  and  im¬ 
mense  glaciers  spread  in  their  intervals,  sometimes  con¬ 
tinued  from  one  valley  to  another,  on  the  declivity  of  the 
summits,  as  in  that  of  Gries,  which  separates  the  Valais 
from  Piedmont.  But  at  the  glaciers  of  Grindelwald  and 
Bois,  in  the  vale  of  Chamouni,  these  magic  pictures  and 
sublime  horrors  may  be  admired.  From  an  insulated 
summit,  the  eye  plunges  on  a  sea  of  ice,  whence  arise 
crystalline  blocks,  transparent  walls,  prismatic  needles 
confusedly  intertwined,  and  resembling  a  storm  arrested  in 
its  fury.  The  brilliant  reflexions,  the  colours  of  the  rain¬ 
bow,  and  lights  infinitely  diversified,  enliven  this  view, 
where  the  objects  are  confounded  and  again  separated  as 
if  supernaturally. 

So  pleased  at  first  the  tow’ring  Alps  we  try, 

Moupt  o’er  the  vales,  and  seem  to  tread  the  sky  ; 

Th’  eternal  snows  appear  already  past, 

And  the  first  clouds  on  mountains  seem  the  last : 

But,  those  attain’d,  we  tremble  to  survey 
The  growing  labours  of  the  lengthen’d  way  ; 

•  Th’  increasing  prospect  tires  our  wand’ring  eyes. 

Hills  peep  o’er  hills,  and  Alps  on  Alps  arise  ! 

The  depth  of  the  glacier  of  Bois  is  100  feet;  bordered  by  a 
kind  of  parapet  called  moraire ,  a  heap  of  sand  and  fragments 
which  have  fallen,  and  advance  sometimes  towards  the  middle  of 
the  basin,  by  the  annual  retreat  of  the  ice.  The  origin  of  these 
glaciers  is  this,— the  snow  covers  the  summits  of  the  mountains, 
whence  detached,  and  drawn  by  the  avalanches,  or  falling  to  the  bot¬ 
tom  of  the  valleys,  it  accumulates.  During  the  summer  the  surface 
thaws;  the  cold  returns  and  converts  the  whole  into  ice.  Some 
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increase,  as  that  of  Grindelwald,  which  has  advanced  beyond  a 
bridge  formerly  frequented  ;  but  others  decrease,  yearly,  as  that 
of  the  Rhone.  These  glaciers  feed  numerous  rivers,  whose  course 
is  determined  by  the  divers  branches  from  the  mass ;  as  the 
Apennines  south,  the  Cevennes  west,  the  Vosges  north,  and  the 
Noric  Alps  east. 

A  branch  stretches  north  of  Mont  Blanc,  by  the  Jura  moun¬ 
tains,  connected  with  the  Vosges,  and  terminated  by  MontTennere, 
near  Mentz.  In  the  Alps,  most  rocks  shoot  several  hundred  feet 
above  the  mountain,  like  obelisks,  and  are  called  needles ;  in  the 
Pyrennees,  vast  masses  of  rocks  present  abrupt  slopes  and  steep 
though  accessible  fronts,  resembling  large  pyramids,  and  are  called 
peaks  ;  and  in  the  Vosges  they  are  called  balloons,  because  of  their 
round  sloping  forms,  without  the  rugged  aspect  of  the  other  chains  ; 
neither  are  there  steep  rocks,  immense  fissures,  glens  frightful 
from  their  depth,  and  incased  so  as  to  resemble  enormous  slits ; 
here  are  none  of  those  grand  appearances  which  are  so  common 
in  the  high  Alps  ;■ — but,  in  the  Vosges,  the  valleys  resemble  ar¬ 
bours  or  bowers;— the  gentle  slopes  of  the  hills,  and  convex  sum¬ 
mits,  intimate  their  being  tertiary  mountains;  while  their  compo¬ 
nent  materials  place  them  all  as  the  most  marked  primitive  moun¬ 
tains. 

The  chain  of  the  Vosges,  cutting  that  of  the  Alps  at  a 
right  angle,  forms  two  great  basins  opening  north-west 
and  north-east.  In  the  centre  of  the  first  is  the  plateau 
Ardennes,  dividing  the  waters  towards  the  Seine  and 
Meuse.  The  Ardennes,  of  less  elevation  than  the  Vosges, 
differ  from  them  by  their  rugged  aspect,  and  rocks  inter¬ 
sected  by  ravines.  No  fossils  are  found  here  ;  the  mass  is 
chiefly  argillaceous  schists,  traversed  by  veins  of  quartz, 
or  interrupted  by  great  blocks  of  granite  ;  these  schists 
sometimes  turn  into  talc,  but  oftener  into  slate,  and  are 
every  where  penetrated  by  iron,  copper,  and  lead.  The 
beds  of  shells  continue  all  round  the  'plateau ,  and  termi¬ 
nate  on  the  borders  of  the  Seine  and  Meuse.  In  the  in¬ 
ferior  part  of  its  course,  the  latter  traverses  the  vast  plains 
of  Flanders  and  Holland,  formed  of  thick  layers  of  clay 
mixed  with  sand  and  lime.  Peat  here  supplies  the  place 
of  coal ;  the  marshes  are  almost  continuous  ;  the  air  is 
thick  and  moist ;  the  fogs  seldom  disappear,  and  ice  forms 
on  the  banks  of  the  rivers. 

1  he  stone  quarry  at  Maestricht  is  so  immensely  large,  thato 
40,000  persons  may  take  shelter  in  it,  and  Goldsmith  says,  it  has 
been  used  for  such  purpose  by  the  neighbouring  people  when  ar- 
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mies  have  passed  througn  that  part.  When  lighted  up  with 
torches,  the  beauties  of  the  scene  surpass  description ;  there  are 
thousands  of  square  pillars,  in  large  level  walks,  about  20  feet 
high,  all  wrought  with  much  neatness  and  regularity  ;  there  are 
also  little  pools  of  water  m  various  parts. 

The  A  pen  nines  go  off  above  Nice,  circumbound  the 
gulf  of  Genoa,  traverse  Italy,  and  by  Calabria  cross  Si¬ 
cily.  The  mountains  of  Corsica  and  Sardinia  are  not  re¬ 
lated  to  the  Apennines.  Their  southern  direction,  and 
granitic  nature,  might  intimate  a  prolongation  of  the  Al¬ 
pine  chain.  The  elevation  of  the  Apennines  is  much  in¬ 
ferior,  Mount  Velino,  in  Romagna,  the  highest  summit, 
being  only  7872  feet,  and  the  snow  disappearing  in  June. 

The  side  of  the  Apennines  towards  the  Mediterranean 
is  steep,  with  deep  ravines,  from  Nice  to  the  gulf  of 
Spezzia.  The  plains  of  Tuscany  begin  there,  and  conti¬ 
nue  by  Romagna  to  Naples,  where  the  ground  becomes 
hilly,  especially  in  Calabria  ;  divided  near  the  Apennines, 
but  marshy  near  the  sea,  as  at  Mareunna  and  Portrie.  The 
Arno ,  (which  falls  into  the  Tuscan  sea  near  Pisa,)  and  the 
Tiber ,  water  this  classical  country,  favoured  by  the  finest 
climate,  but  subject  to  two  scourges,  the  sirous  and  sub¬ 
terraneous  fires.  The  former  suffocates  all  that  has  life, 
and  diffuses  the  burning  air  of  the  African  coasts,  that 
would  change  those  of  Italy  into  desarts,  did  it  continue. 
The  other  often  surprises  the  inhabitants  amidst  their  em¬ 
ployments,  and  buries  them  under  the  ruins  of  their  su¬ 
perb  edifices.  Heaps  of  sulphur  and  bitumen,  exhaling 
from  flames  ;  scorified  hills,  whence  burst  thermal  and 
sulphureous  waters  ;  burnt  stones  scattered  on  all  sides  ; 
plains  covered  with  ashes  and  puzzolanas  ;  torrents  of 
lava  from  craters,  forming  causeways  on  the  shores  of 
the  sea  ;  every  where  present  traces  of  successive  destruc¬ 
tions,  of  sudden  changes,  and  terrible  catastrophes,  which 
announce  the  fatal  influence  of  neighbouring  volcanoes. 

The  valley  of  Solfatara,  near  Naples,  exhibits  on  a  small  scale 
whatever  is  terrible  in  air,  earth,  fire,  and  water.  The  plain, 
about  1200  feet  long,  and  1000  broad,  is  embosomed  in  mountains, 
and  has  a  central  lake  of  noisome  blackish  water,  whereon  floats 
bitumen.  In  every  part  of  the  plain,  appear  caverns  smoking 
with  sulphur,  and  often  emitting  flames.  The  earth  trembles  un¬ 
der  the  footsteps  $  noises  of  flames,  and  the  hissing  of  waters,  are 
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heard  at  the  bottom  ;  the  water  sometimes  spouts  up  eight  or  ten 
feet  high ;  aud  the  most  noisome  fumes,  fetid  water,  and  sulphu¬ 
reous  vapours,  often  arise. 

The  mountains  of  our  country  are  of  an  inferior  rank  ; 
eastward  are  calcareous  plains  ;  and  westward  bands  of 
granite,  which,  in  Wales,  support  great  masses  of  quartz 
and  serpentine.  Scotland  presents  mountains  of  granite, 
in  great  disorder,  with  phenomena  of  different  sorts  very 
common.  England  is  rich  in  metals,  especially  tin.  Im¬ 
mense  deposits  of  coal  are  found,  with  mineral  waters, 
and  natural  curiosities  of  every  kind.  The  coasts  in  ge¬ 
neral  are  bordered  by  high  rocks  ;  the  neighbouring  isles 
are  volcanic  ;  while  Ireland  appears  to  have  been  the  fo¬ 
cus  of  innumerable  subterraneous  fires. 

The  loftiest  mountain  in  Scotland  is  Ben  Nevis  ;  its  elevation 
above  the  level  of  the  sea  being  4380  feet,  more  than  four-fifths  of 
a  mile.  It  terminates  in  a  point,  and  elevates  its  rugged  front  far 
above  all  neighbouring  mountains.  It  is  of  easy  ascent ;  and  at 
tiie  perpendicular  height  of  1500  feet,  the  vale  beneath  presents  a 
very  agreeable  prospect,  the  vista  being  beautified  by  a  diversity 
of  bushes,  shrubs,  and  birch  woods,  beside  many  little  verdant 
spots.  At  the  summit,  the  view  extends  at  once  across  the  island, 
eastwards  to  the  German  ocean,  and  westward  to  the  Atlantic. 
Nature  appears  on  a  majestic  scale  ;  the  vast  prospect  engages  the 
whole  attention,  while  the  objects  in  view  are  of  no  common  di¬ 
mensions.  At  the  south-west  corner  of  Mull,  Colonsay,  distant 
more  than  90  miles,  rises  out  of  the  sea  like  a  shade  of  mist. 
Shuna,  and  Lismore,  appear  like  small  spots  of  rich  verdure,  and, 
though  almost  thirty  miles  distant,  seem  quite  under  the  spectator. 
The  low  parts  of  Jura  are  not  discerned,  nor  any  part  of  Isla,  or 
the  coast  of  Ireland.  The  wide  extent  of  view,  however,  extends 
170  miles  from  the  horizon  of  the  sea  at  the  Murray  Firth,  N.  E., 
to  Colonsay,  S.  W.  On  the  N.  E.  side  is  an  almost  perpendicular 
precipice,  exceeding  one  third  part  of  the  entire  height  of  the 
mountain.  A  stranger  is  astonished  at  viewing  this  dreadful  rock, 
in  whose  bosom  a  quantity  of  snow  lodges  throughout  the  year. 
The  sound  from  the  fall  of  a  stone  thrown  over  the  cliff  cannot  be 
heard  ;  hence  it  is  impossible  to  ascertain  in  that  way  the  height 
of  the  precipice. 

The  peak  of  Snowdon,  in  Wales,  is  3571  feet  above  the  level  of 
the  Irish  sea.  Its  summit  presents  a  scene,  magnificent  beyond 
the  powers  of  language.  Indeed  language  is  indigent  and  impo¬ 
tent  when  attempting  to  sketch  with  delight  scenes,  on  which  the 
Eternal  has  placed  his  matchless  finger !  Five  and  twenty  lakes 
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are  visible ;  the  eye,  unaccustomed  to  measure  such  elevations,  is 
puzzled  in  accommodating  itself  to  scenes  so  wonderful.  Rocks 
and  mountains,  which,  observed  from  below,  bear  all  the  evidences 
of  sublimity ;  when  viewed  from  the  summit  of  Snowdon,  are 

en  tc  wit  i  others  as  dark,  rugged,  and  elevated  as  themselves: 
the  whole  resembling  the  swellings  of  an  agitated  ocean.  Snow* 
don  rising  m  the  centre,  appears  as  if  he  could  touch  the  south 
with  his  right  hand,  and  the  north  with  his  left.  The  extent  of 
the  prospect  is  almost  unlimited;  the  four  kingdoms  are  seen  at 
once  dies,  England,  Scotland,  and  Ireland,  forming  the  finest 
yianorama  the  empire  can  boast.  The  circle  begins  with  the 
mountains  of  Cumberland  and  Westmoreland;  Ingleborough  and 
l  enygent,  m  Yorkshire,  and  the  hills  of  Lancashire,  follow  •  then 
the  comuies  of  Chester,  Flint,  Denbigh,  part  of  Montgomery”  most 
of  Merioneth,  and  the  regions  from  the  triple  crown  of  Cader  Idris 
to  the  sterile  crags  of  Carnedds,  David,  and  Llewellyn.  The  eve 
glances  over  Cardigan  Bay,  reposes  on  the  summit  of  the  Rivel  • 
sees  in  the  extremity  of  the  horizon  the  blue  mountains  of  Wick- 
low,  gradually  lost  to  the  sight,  which  tired  reposes  on  the  Isle  of 
Man  and  the  distant  mountains  of  Scotland. 

The  II emus  chain  spreads  through  Greece  and  Turkey  • 
it  is  more  complex  than  the  Pyrennees,  and  more  simple 
than  the  Alps,  yet  differing  from  both  in  its  contracted 
base,  slight  elevation  of  summits,  extreme  division  of  its 
branches,  and  the  absence  of  glaciers  and  laro-e  rivers  It 
merely  completes  the  chain  of  the  Alps,  east”  and  accom¬ 
panies  the  great  valley  of  the  Danube  to  its  termination. 

1  he  whole  southern  slope,  from  the  Adriatic  to  the 
±>,ack  sea,  is  steep,  with  few  large  rivers,  but  numerous 
springs.  Its  interposition  protects  Greece  from  the  north 
winds,  and  keeps  off  the  cold  of  the  Alps  and  the  heat  of 
Africa.  Here,  all  depends  on  the  exposure  of  places 
climate  varying  in  the  neighbouring  valleys.  The  winter 
is  sharp  m  the  high  plains  of  Arcadia,  Thessaly.  Epirus 
“c- yet  every  where  the  air  is  pure  and  salubrious. 

I  he  Krapack  begins  under  the  50th  parallel,  between 
i3°  and  14°  east,  and  continues  north  of  the  Danube  to 
23°, where  it  disappears  in  the  plains  of  Buckowine.  Atthe 
two  extremities,  the  chain  curves,  and  stretches  direct 
south.  The  west  branch  is  Sudetes,  the  east  Transylva¬ 
nia.  This  triple  chain  never  attains  the  height  of' the  Alps 
or  Pyrennees,  and  seldom  that  of  Hemus.  The  highest 
summits,  Kriwan,  Ifesmarck,  and  Leumitz,  are  about 
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4300  feet.  The  whole  crest  is  granitic,  with  an  immense 
bed  of  primitive  limestone  on  its  sides,  in  some  parts  re¬ 
placed  by  argillaceous  schist ;  in  others  the  granite  passes 
insensibly  to  gneiss  and  micaceous  schist. 

The  Fatra,  a  group  from  the  chain,  projecting  into  Hungary 
towards  Kreumitz,  is  argillaceous  schist,  containing  thick  metalli¬ 
ferous  beds.  In  the  chain  of  Scheumitz,  east  of  Fatra,  veins  are 
numerous,  and  traverse  porphyry  and  crystals  of  felspar.  Abana- 
tic  cone  rises  high  : — the  Calvaribergs  with  vertical  beds  and  ra¬ 
mified  veins.  More  south,  the  metals  lie  in  beds  in  greywack,  or 
in  veins  in  primitive  trapp,  resembling  porphyry  from  being  seed¬ 
ed  with  crystals  of  felspar.  The  Fatra  reach  the  borders  if  not 
across  the  Danube,  and  the  Bakoni  mountains  beyond,  show  some 
signs  of  volcanoes. 

The  western  side  of  the  Carpathian  mountains  for  some 
distance  maintains  a  high  level,  and  then  slopes  rapidly 
towards  the  North  sea.  There  also,  are  metals  in  abun¬ 
dance,  furnished  by  the  Sudetes ,  which  extend  through 
Bohemia,  Saxony,  Westphalia,  and  Hanover.  Uranite 
is  found  at  Georgenstadt  in  Saxony,  and  at  Toachimstadt 
in  Bohemia.  Bergstadel,  in  Bohemia,  affords  native  an¬ 
timony.  In  all  these  mountains,  gold,  silver,  copper, 
bismuth,  lead,  &c.  abound  ;  but  they  are  not  equal  to 
the  Hartz,  in  Hanover,  where  nature  seems  to  have  col¬ 
lected  all  the  species,  and  all  the  varieties  of  metals. 

Many  rivers  flow  from  the  Sudetes,  into  the  Weser,  a  rapid 
stream,  varied  with  cataracts,  and  often  obstructed  by  ice.  Some 
of  its  feeders  come  from  Westphalia  and  Hesse,  a  hilly  country,  on 
one  side  leaning  against  the  Alps,  between  the  Danube  and  Rhine, 
and  on  the  other  touching  Bohemia,  an  almost  circular  basin, 
formed  by  the  Sudetes.  These  mountains,  opening  to  the  north¬ 
west,  give  passage  to  the  Elbe,  from  Silesia. 

North  of  the  Krapack,  towards  the  Baltic,  flow  the  greatest 
rivers  of  Germany  ;  among  others,  the  Oder  and  Vistula.  The 
Oder,  rising  in  Moravia,  traverses  Prussia  to  the  Baltic  about  12° 
east  longitude.  The  Vistula  rises  opposite  the  Theiss,  wanders 
long  on  the  plains  of  Poland,  and  bathes  the  walls  of  Dantzic.  To 
the  east,  of  the  Vistula,  the  Pruth  goes  towards  the  Danube  ;  the 
Dniester  and  the  Bong  run  direct  to  the  Black  sea.  Thus  the 
waters  of  the  Carpathian  mountains  feed  three  seas. 

The  Dofrine  chain  is  divided  beyond  the  Baltic  into 
three  branches,  from  a  nucleus  in  the  middle  of  Scandi¬ 
navia.  The  Dofofrial  south-west  traverses  Sweden,  and 
ends  in  front  of  the  Danish  isles  • — the  Langfiall,  or  Long 
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mountain,  goes  south-east  towards  Norway,  and  ends  in 
Cape  Lindeness,  at  the  entrance  of  the  Cattegat; — the 
Kolea  runs  towards  Lapland,  and  continues  to  North 
Cape,  the  extremity  of  Europe.  This  mass  resembles  a 
crest  with  unequal  summits,  bowed  in  its  whole  length, 
inclining  northward,  its  lateral  slopes  presenting  profound 
ravines,  horrible  precipices,  and  impetuous  torrents  falling 
from  rock  to  rock.  The  west  slope  is  greater  than  the 
east ;  and  the  height  is  inferior  to  the  Krapack,  the  high¬ 
est  summits  being  6000  feet. 

1  intertwisting  of  the  secondary  branches  of  the 
Dofrine,  the  numerous  valleys,  and  abundant  springs 
which  burst  on  all  sides,  form  many  lakes as  those  of 
Wener,  Weter,  Maeter,  in  Sweden  ;  Misesen,  Rands,  and 
Faemarand,  in  Norway ;  and  in  Lapland,  Enara,  and 
Tornea;— all  traversed  by  rivers,  which  are  channels  of 
communication  to  the  parts  near  the  sea. 

The  granitic  crust  which  supports  the  Dofrine,  extends 
all  through  the  north  of  Europe.  The  mass  of  the  Val¬ 
dai  is  granite,  crowned  by  some  hills,  the  highest  about 
1200  feet ;  distributed  unequally  from  30  to  36  degrees 
east,  and  from  the  53d  to  the  57th  parallel,  where  a 
branch  goes  north,  and  winding  among  the  marshes  of 
Finland,  joins  the  Dofrine  of  Lapland,  by  the  name  of 
Olonetz  ;  the  northern  part  is  always  covered  with  snow, 
though  not  very  high ;  and  immense  blocks  of  granite 
appear  even  on  the  surface  of  the  soil.  In  other  respects, 
Olonetz,  like  the  Valdai,  is  composed  only  of  primitive 
rocks,  as  different  marbles,  mica,  quartz,  labradoir,  and 
ovoid  feldspar  imbedded  in  granite,  in  all  the  rocks,  as 
the  matrix  of  iron. 

In  approaching  North  Cape,  says  a  recent  traveller,  a  little  before 
midnight,  its  rocks  at  first  appeared  to  be  nearly  of  an  equal 
height,  until  they  terminated  in  a  perpendicular  peak  ;  but,  on  a 
nearer  view,  those  within  were  found  to  be  much  higher  than 
those  of  the  extreme  peak,  or  point.  Their  general  appearance 
was  highly  picturesque.  The  sea,  breaking  against  this  immove¬ 
able  rampart,  which  had  withstood  its  fury  from  the  remotest 
ages,  bellowed,  and  formed  a  thick  border  of  white  froth.  This 
spectacle,  equally  beautiful  and  terrific,  was  illumined  by  the  mid¬ 
night  sun  ;  and  the  shade  which  covered  the  western  side  of  the 
rocks  rendered  their  aspect  still  more  tremendous. 
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Om  landing,  the  party  discovered  a  grotto,  formed  of  rocks,  the 
surface  of  which  had  been  washed  smooth  by  the  waves,  and  hav¬ 
ing  within  a  spring  of  fresh  water.  The  only  accessible  spot  in 
the  vicinity  was  a  hill,  some  hundred  paces  in  circumference,  sur¬ 
rounded  by  enormous  crags.  From  the  summit  of  this  hill,  turn¬ 
ing  towards  the  sea,  they  perceived  to  the  right  a  prodigious 
mountain,  attached  to  the  Cape,  and  rearing  its  sterile  mass  to  the 
skies.  1  o  the  left,  a  neck  of  land,  covered  with  less  elevated  rocks, 
against  which  the  surges  dashed  with  violence,  closed  the  bay* 
and  admitted  but  a  limited  view  of  the  ocean. 

At  midnight  the  sun  still  remained  several  degrees  above  the 
horizon,  and  continued  to  ascend  higher  and  higher  till  noon 
when,  having  again  descended,  it  passed  the  north,  without  dipping 
below  the  horizon.  This  phenomenon,  which  is  as  extraordinary 
to  the  inhabitants  of  the  torrid  and  temperate  zones,  as  snow  is  to 
the  inhabitants  of  the  torrid  zone,  could  not  be  viewed  without 
particular  interest.  Two  months  of  continued  day-light,  during 
which  space  the  sun  never  sets,  seem  to  place  the  traveller  in  a 
new  state  of  existence  ;  while  the  effect  on  the  inhabitants  of  these 
regions  is  singular.  During  the  time  the  sun  is  perpetually  above 
the  horizon,  they  rise  at  ten  in  the  morning,  dine  at  five  or  six  in 
the  evening,  and  go  to  bed  at  one.  But,  during  the  winter  sea¬ 
son,  when,  from  the  beginning  of  December  until  the  end  of  Ja¬ 
nuary,  the  sun  never  rises,  they  sleep  above  half  of  the  twenty-four 
hours,  and  employ  the  other  half  in  sitting  over  the  fire,  all  busi¬ 
ness  being  impracticable,  and  a  constant  darkness  prevailing. 

The  mountains  of  Kamtscliatka,  and  of  north-eastern 
A  sia,  are  conceived  to  be  a  prolongation  of  the  western 
chain  of  America.  Under  the  titles  of  the  Slanovay, 
Yablonay,  and  Altai  mountains,  they  extend  in  a  long 
south'  western  line  through  Asia,  till,  in  approaching  the 
sea  of  Aral,  they  meet  another  chain  from  the  south-east 
which,  under  the  names  of  Himalaya  and  Hindoo  Coosh, 
have  been  supposed  to  include  the  loftiest  summits  on  the 
globe.  These  chains,  in  traversing  Persia,  become  much 
lower,  but  throw  up  considerable  masses  in  Armenia, 
Asia  Minor,  and  the  frontier  of  Syria.  These  two  great 
high  lands  form  Asia,  like  America,  into  three  low  lands, 
of  which  the  first,  between  Himalaya  and  the  Indian 
ocean,  consists  of  the  maritime  provinces  of  Persia,  of 
Hmdostan,  and  India  beyond  the  Ganges  ;  the  second, 
between  the  Himalaya  and  Altai  mountains,  includes 
Btikharia,  the  great  desart  of  Shamo  and  Gobi,  and  the 
greater  part  of  China;  the  third,  stretching  from  the 
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Altai  to  the  Northern  ocean,  is  composed  of  the  wild 
plains  of  Siberia. 

Like  a  boundary  wall  to  the  waters  of  the  Caspian  and 
Black  Seas,  Caucasus  extends  between  them  and  conso¬ 
lidates  the  separating  isthmus.  This  mass  resembles  the 
Pyrennees,  in  tracing  a  line  a  little  inclined  from  one  to 
the  other  sea,  in  almost  corresponding  latitude,  of  equal 
base,  height  of  summits,  and  size  of  glaciers,  with  the 
same  wild  beauties,  and  mode  of  composition.  The  gates 
of  the  Caspian  are  as  famous  as  Roland’s  breach  ;  and 
the  granite  of  Caucasus,  like  that  of  the  Pyrennees,  has 
immense  coatings  of  slate  and  limestone,  highly  elevated  ; 
and  recent  observations  announce  metallic  treasures.  On 
the  lateral  slopes  are  marbles,  selenite,  alum,  sulphate  of 
iron,  sulphureous  and  thermal  waters,  bitumen  exuding 
from  the  rocks,  and  finally,  at  their  base,  are  sandy  tracts 
impregnated  with  salt. 

Caucassus  has  numerous  springs,  though  its  rivers  Araxes,  Kur, 
and  Kuban,  are  merely  large  brooks.  The  northern  slope  is  sandy, 
joining  the  steppes  of  the  Don  and  Volga.  On  the  south  side  are 
Mingrelia,  and  Georgia,  a  hilly  country,  where  are  again  found 
the  situations  and  climate  of  the  Tauride.  The  southern  prolonga¬ 
tion  of  the  Georgian  mountains  (the  anti-Caucassus  of  Strabo) 
joins  those  of  Armenia,  from  which,  Ararat,  with  its  double  sum¬ 
mit,  seems  entirely  detached. 

Mount  Taurus ,  with  summits  covered  with  snow,  dis¬ 
tinct  from  Ararat  and  Caucasus,  forms,  at  first,  a  chain 
south-west  across  Asia  Minor,  to  Cape  Maeri,  fronting 
Rhodes.  This  chain,  corresponds  with  Mount  Hennis 
faced  opposite,  ramifies  similarly  towards  the  north,  and 
forms  the  Capes  of  the  Black  Sea,  the  walls  of  Bosphori, 
and  rocks  of  the  Archipelago.  The  northern  slope,  by 
Taurus  sheltered  from  solar  inclemency,  has  the  climate 
and  aspect  of  Greece.  To  the  south,  Taurus  surmounts 
the  plains  of  Chaldea,  where  flow  the  Euphrates,  and 
Tigris,  running  parallel,  often  approaching  and  receding, 
till  they  unite  and  fall,  by  three  mouths,  into  the  Persian 
gulf,  a  continuation  of  the  basin  of  the  Euphrates.  The 
plains  of  Bassora  are  marshy,  like  the  lagunes  of  Venice; 
the  heat  is  greater,  soil  loose,  and  shores  more  cultivated 
than  the  coast  of  Dalmatia. 

Persia  is  an  elevated  and  sandy  plain,  formed  by  four 
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chains  of  contiguous  mountains,  forming  a  very  irregular 
parallelogram ;  occupied  eastward  by  the  Ariapalus,  a 
lake  140  square  leagues  in  surface.  The  Paropamisus, 
which  support  it  northward,  and  run  eastward,  border 
the  southern  shores  of  the  Caspian,  and  are  granitic ; 
naphtha  and  petroleum  exude  in  great  abundance  ;  and 
tuiquois  and  mines  of  copper  are  found  here. 

The  mountains  of  Kurdistan  join  here  by  those  of  Chi- 
lam  and  Aiagha-Tag,  branches  of  the  anti-Caucassus. 
1  he  latter  separates  the  two  vast  lakes  Wan  and  Ourmia, 
without  any  issue.  South  of  these  lakes,  the  Elwend 
mountains  run  parallel  with  the  Tigris  to  the  Persian 
Gulf,  at  only  45  leagues  distant,  then  named  Louristan, 
with  the  western  slope,  a  salt  desart,  to  the  Tigris,  and 
travel  feed  by  the  Aluvas  (Gindus  of  Herodotus),  and 
some  smaller  streams,  which  flow  either  into  the  Tigris  or 
Persian  Gulf.  The  thousand  mountains ,  Hebzer  Darra, 
south  of  Persia,  run  nearly  parallel  to  the  Paropamisus, 
and  command  a  vast  plain  between  the  Persian  Gulf  and 
mouth  ot  the  Indus ;  occupied  by  the  desart  of  Kernan, 
and  salt  lakes,  one  of  which  receives  the  (Araxes  or 'l 
Bundamir.  V  '  *  ; 

T  he  fourth  chain,  Imaus  or  Belour,  more  elevated  than 
the  others,  descends  from  the  high  plains  of  Thibet,  and 
joins  the  Hebzer  Darra,  by  the  8olyman  mountains, 
which  belong  to  Persia.  The  northern  portion  of  Imaus 
tiavei  ses  Inoependent  1  artary,  forming  the  great  western 
slope  oi  Asia,  a  senes  of  sandy  plains,  with  issueless  lakes, 
above  each  other,  terminating  on  the  eastern  bank  of  the 
Caspian  ;  but  differing  in  their  extent;  though  the  Aral 
is  1280  square  leagues,  and  they  are  mostly  surrounded 
by  salt  sands.  The  Imaus,  which  commands  them,  is 
always  covered  with  snow  ;  hence  Independent  Tartary 
is  not  only  temperate,  but  even  cold  ;  and  the  eastern 
slope  ends  in  the  valley  of  the  Indus,  a  fine  river  from 
the  mountains  of  Thibet. 

The  mountains  of  Thibet,  whose  highest  summit  is 
Bogdo,  form  the  great  mass  of  Asia  ;  whose  central 
countries  consist  of  a  very  elevated  plane,  of  nearly  the 
same  plane  between  the  80th  and  50th  parallels,  and  ex¬ 
tending  from  the  Imaus  west  to  China  east.  There  are 
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vast  desarts,  as  Gobi,  and  Shumo,  whose  extent  are  not  yet 
determined,  and  wherein  great  rivers  are  lost ;  or  form 
issueless  lakes,  as  the  Terkiri,  Kircher-Nor,  &c. 

Above  this  plane  rise  two  chains  of  mountains,  of  very 
high  elevation.  The  first,  those  of  Thibet,  border  the 
south  of  the  plane  semicireularly.  The  convex  part  out¬ 
ward  extends  from  the  Imaus  to  the  western  mountains 
of  China ;  and  commands  all  India,  Indo-China,  and 
China  itself.  From  this  semicircular  range,  chains  di¬ 
verge,  and  form  large  valleys,  wherein  run  rivers  propor¬ 
tioned  to  the  mass  whence  they  rise. 

Westward,  on  the  confines  of  Persia,  and  Independent 
Tartary,  proceeds  a  branch,  nigh  the  commencement  ot 
the  Imaus,  with  which  it  forms  an  angle,  and  transforms 
the  valley  of  the  Indus  into  a  vast  bason.  This  river, 
whose  source  is  not  precisely  known,  at  60  leagues  from 
the  sea,  divides  and  forms  a  delta,  with  50  leagues  ot 
coast,  and  48  of  breadth,  resembling  that  of  Egypt.  The 
soil  is  light,  rain  unfrequent,  innundations  periodical,  and 
lateral  sides  sandy  ;  and  on  the  west  is  a  vast  desart  sup¬ 
posed  to  have  oases,  and  joining  those  of  the  south  of 
Persia. 

The  second,  named  Jlimmalaya  mountains,  backed 
against  the  range,  runs  south-east,  and  continuing  by  the 
Garow  and  the  Anonpeontonniron,  ends  at  Cape  Negrais 
in  the  gulf  of  Bengal. 

Far  as  they  predominate  over,  and  precipitously  as  they  rear 
themselves  above  the  rest,  all  the  hills  that  appear  in  distant 
ranges,  when  viewed  from  the  plains,  are  indeed  only  links  of  this 
great  chain.  Their  horizontal  depth,  on  that  side  which  over¬ 
looks  Hindustan,  is  various  ;  but  the  best  observations  and  survey 
do  not  authorise  the  allowance  of  more  than  an  average  depth  of 
about  sixty  miles  from  the  plains  to  their  commencement.  The 
breadth  of  the  snowy  zone  itself  probably  varies  still  more;  and 
cannot  fairly  be  estimated  at  less  than  from  seventy  to  eighty  miles. 

Captain  Webb,  of  the  Bengal  establishment,  was  lately  employ¬ 
ed  on  a  survey  of  the  province  of  Kumaoon.  On  the  21st  of  June, 
his  camp  was  11,680  feet  above  Calcutta.  The  surface  was  co¬ 
vered  with  very  rich  vegetation,  as  high  as  the  knee  :  extensive 
beds  of  strawberries  in  full  flower;  plenty  of  currant-bushes  in 
blossom  all  around,  in  a  clear  spot  of  rich  black  mould  soil,  sur¬ 
rounded  by  a  noble  forest  of  pine,  oak,  and  rhododendra.  On  the 
22d  he  reached  the  top  of  Pilgoenta  Churhaee,  12,642  feet  above 
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Calcutta.  There  was  not  the  smallest  patch  of  snow  near  him, 
and  the  surface  a  fat  black  mould,  through  which  the  rock  peep¬ 
ed,  was  covered  with  strawberry  plants  (not  yet  in  flower),  butter¬ 
cups,  dandelion,  and  a  profusion  of  other  flowers.  The  shoulders 
of  the  hill,  about  450  feet  above  him,  were  covered  with  the  same 
to  the  top;  and  about  500  feet  below  was  a  forest  of  pine,  rhodo¬ 
dendron,  and  birch.  On  the  16th  July  he  slept  at  Bheemkendar, 
near  the  source  of  the  Coonoo  and  Bheem  streams.  There  is  no 
wood  near  ;  but  there  was  a  profusion  of  flowers,  ferns,  thistles, 
&c.  and  luxuriant  pasturage.  Captain  Webb  presumes  the  site 
of  Bheemkendar  to  be  13,000  to  13,300  feet  above  the  level  of 
Calcutta.  From  thence  he  ascended  at  first  very  gradually,  and 
then  very  rapidly,  till  he  left  all  luxuriant  vegetation,  and  entered 
the  region  of  striped,  scattered,  and  partially  melting  snow,  1500 
feet  above  Bheemkenda,  or  from  14,500  to  15,000  feet  above 
Calcutta.  He  proceeded  onwards,  ascending  very  rapidly,  while 
vegetation  decreased  gradually  to  a  mere  green  moss,  with  here 
and  there  a  few  snow-flowers,  till  he  entered  the  perennial  and 
unmelting  snow,  entirely  beyond  the  line  of  vegetation,  where  the 
rock  was  bare  even  of  lichens.  Having  reached  the  top  of  an  as¬ 
cent,  they  looked  down  upon  a  very  deep  and  dark  glen,  called 
Palia  Gadh,  the  outlet  to  the  waters  of  one  of  the  most  terrific  and 
gloomy  valleys  ever  seen.  It  looks  like  the  ruins  of  nature,  and 
appears  completely  impracticable  and  impenetrable.  Little  can 
be  seen  except  dark  rock  :  wood  fringes  only  the  lower  parts  and 
the  waters’  edge  :  perhaps  the  spots  and  streaks  of  snow,  contrast- 
ing  with  the  general  blackness  of  the  scene,  heighten  the  appear¬ 
ance  of  general  desolation.  No  living  thing  is  seen;  no  motion 
but  that  of  the  waters  ;  no  sound  but  their  roar.  Such  a  spot  is 
suited  to  engender  superstition,  and  here  it  is  according^  found  in 
full  growth.  The  opposite  side  is  particularly  precipitous;  yet 
along  its  face  a  road  is  carried,  frequented  as  much  as  this,  and 
leads  to  villages  farther  up.  By  the  time  they  had  reached  the 
village,  the  clouds  which  had  lowered  around  and  sunk  down  on 
the  hills,  began  to  burst  with  loud  thunder  and  heavy  rain.  The 
noise  w  as  fearfully  reverberated  among  the  hills ;  and  during  the 
night  the  sound  was  heard  of  fragments  from  the  brows  of  the 
mountains,  crashing  down  to  the  depths  below  with  a  terrible 
noise. 

This  branch,  with  the  preceding,  by  the  mountains  of  the 
Gauts  prolonged  to  Cape  Comorin,  forms  the  bason  of  the  Ganges; 
which  river  rises  on  the  plain  of  Thibet,  in  35°  45'  latitude,  and 
96°  east  longitude,  meanders  during  200  leagues  in  the  high  val¬ 
leys  of  the  plains ;  traverses  the  Himmalaya  mountains,  forming 
cataracts;  enters  the  Hindostan  in  latitude  30°;  and  dividing  75 
leagues  from  the  sea,  surrounds  a  plain  in  surface  at  least  doubie 
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the  delta  of  the  Nile.  This  great  river  has  among  its  feeders,  se¬ 
veral  equal  to  the  Rhine,  and  very  few  as  small  as  the  Thames. 
The  tide  ascends  more  than  50  leagues  above  its  mouth  ;  the  mean 
breadth  is  only  a  quarter  of  a  league,  but  near  the  sea  it  spreads 
so  that  its  waters  can  no  longer  repel  the  sand  banks  by  the  sea 
accumulated,  and  daily  increased  by  fluiral  deposits.  The  banks 
of  the  Ganges  are  formed  of  moving  earth  often  precipitated  ;  con¬ 
sequently  this  river,  and  others  of  that  country,  have  several  times 
changed  their  bed.  In  the  actual  state  there  is  always  one  per¬ 
pendicular  bank,  and  the  other  sloping,  varied  with  the  sinnosities 
of  the  stream.  The  Delta,  or  Bengal,  is  intersected  by  numerous 
canals,  marshes,  and  creeks,  of  which  several  are  salt,  whence  a 
considerable  quantity  is  extracted.  The  waters  of  the  Ganges 
rise,  from  near  the  end  of  April  to  the  beginning  of  August.  Only 
the  two  seasons  of  the  tropics  are  known  there,  and  the  climate 
being  subject  to  the  monsoons,  few  countries  have  so  many  violent 
squalls. 

The  third  branch  from  the  chain  of  Thibet,  traverse 
the  Birman  Empire,  to  Cape  Romania,  south  of  the  pe¬ 
ninsula  of  Malacca.  Between  this  branch  and  the  pre¬ 
ceding,  flows  the  Ava,  which  also  forms  a  delta  at  its 
mouth.  But  the  country  it  traverses  is  more  mountainous 
than  Hindostan,  and  metals  are  found  in  it.  Formerly, 
fleets  came  for  gold  to  these  countries,  which  are  very 
rich  in  precious  stones. 

A  fourth  branch,  more  east*  forms  the  valley  of  Sians ; 
and  a  fifth,  that  of  Camboja.  This  last  follows  the  coast 
at  some  distance,  and  is  the  interior  limit  to  Cochin  China, 
and  Tonquin.  The  rocks  of  these  mountains  are  of  pri¬ 
mitive  formation  ;  and  horizontal  beds  occur  only  at  the 
origin  of  the  valleys.  The  sea  shore  is  strewed  with 
pebbles,  and  extends  so  far  into  the  ocean,  as  to  become 
unfathomable  only  at  a  great  distance.  All  the  rivers  in 
this  part,  like  those  of  India,  have  their  periodical  inun¬ 
dations. 

The  southern  range  of  Thibet,  ramifies  only  in  China. 
The  mountains  of  Corea,  Mongolia,  and  all  the  north  of 
Asia,  belong  to  the  northern  range,  the  counterpart  of 
the  other,  but  separated  by  the  immense  central  level. 
The  highest  point  of  this  range,  is  the  Bogdo,  about  90° 
east,  and  almost  under  the  45th  parallel.  The  Changai 
mountains,  the  east  branch,  ramify  in  the  Corea,  Mon¬ 
golia,  M an tchonria,  and  their  granitic  precipices  border 
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the  coast  of  the  sea  of  Japan.  The  isles  disseminated  in 
those  seas,  appear  by  the  direction  of  their  chains  to  be 
connected  with  the  continent ;  but,  the  volcanic  produc¬ 
tions,  which  cover  them,  and  the  subterraneous  fires,  give 
them  a  peculiar  physiognomy. 

The  Altai  mountains,  are  north  of  Bogdo,  but  are 
connected  by  intermediary  chains ;  extending  west  to 
Imaus,  joining  it  near  Palcati,  a  lake  200  leagues  square, 
where  begins  that  western  slope  of  the  central  chain, 
which  ends  in  the  Caspian.  South  of  lake  Palcati,  al¬ 
ways  nearly  on  the  same  level,  are  many  smaller  lakes, 
in  the  valleys  of  Thibet,  where  borac  is  collected.  The 
ramification  of  the  Altai  chain,  unfolds  itself  in  Upper 
Siberia,  which  immense  chain  of  Asiatic  Russia,  of  much 
interest  in  the  study  of  the  terrestrial  globe,  is  separated 
from  Europe  by  the  great  chain  of  the  Oural  mountains, 
which,  from  near  the  Caspian,  extend  to  the  shores  of 
the  frozen  ocean,  and  probably  to  Nova  Zembla.  Some 
of  the  summits  are  6000  feet,  and,  to  the  south,  ever 
covered  with  snow. 

The  Oural  chain,  of  granitic  and  quartzose  rocks,  ex¬ 
tends  more  west  than  east,  replaced  by  schists  and  se¬ 
condary  hills.  North  of  the  Caspian  and  Aral,  the  Ou- 
ralian  chain  ramifies  eastward  and  joins  the  Altai.  This 
intermediate  chain,  the  Asquidinio  or  Algeydanzano,  is 
merely  a  series  of  calcareous  hills,  between  which  run 
several  rivers. 

The  Nertschinsk  chain  traverses  Siberia  ;  rising  east  of 
lake  Baikal,  and  continuing  north-east  by  the  mountains 
of  Daouria  and  Okhotsk,  on  one  side  ramifying  to  Beh¬ 
ring’s  Straits,  and  on  the  other,  to  Kamschatka,  the  Ku¬ 
rile  isles,  &c.  where  are  ignivomous  mountains,  and  ex¬ 
tinct  craters  ;  as  likewise  in  the  Daurian  chain,  famed 
for  metallic  riches,  gold,  silver,  and  lead  ;  and  chromium , 
sometimes  as  a  red  acid,  and,  at  others,  as  a  green  oxyd. 

The  mountains  of  Siberia,  east,  are  granite,  covered 
by  thick  schists,  cut  by  masses  of  varied  porphyry  and 
jasper.  In  Daouria,  Odon-Tchelon  contains  emeralds 
and  topazes,  irregularly  disseminated  in  veins  ;  several 
other  precious  stones  also  a^e  found  ;  and  with  the  gold 
mines,  form  a  remarkable  peculiarity  in  these  icy  countries. 
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NT A  r  U R E  D I SPL  A Y E D. 

The  most  remarkable  range  of  high  land  that  occurs 
on  the  globe  is  that  which  extends  along  the  whole  west- 
ern  coast  of  America,  parallel  to,  and  at  a  short  distance 
from  the  Pacific  Ocean.  This  chain  seems  quite  unbroken 
from  Cape  Horn  to  Mount  St.  Elias,  and  even  as  far  as 

eeiings  Straits.  In  its  whole  course  through  Peru  this 
chain  is  well  known  to  be  of  the  most  gigantic  elevation  ; 

?i  *  jm  l  'c  1J,,[K’i'  tS  °1'  traveIlers,  it  would  appear,  that 
the  Andes  of  Chili  scarcely  yield  to  these  in  magnitude. 
At  the  isthmus  of  Panama  the  chain  is  at  its  lowest  point 
not  exceeding  600  or  700  feet ;  but  in  Mexico  it  again  rises 
into  volcanic  {leaks,  that  almost  rival  Chimborazo.  The 
liocky  mountains  of  North  America  are  on  a  much  lower 
scale,  and  do  not  exceed  5000  or  6000  feet ;  but  towards 
the  north-western  extremity.  Mount  St.  Elias  again  towers 
to  a  height  second  only  to  that  of  the  loftiest  Andes. 
Another  chain  on  the  opposite  side  of  this  continent  runs 
parallel  to  the  Atlantic.  West  of  the  United  States  it  is 
called  the  Allegany  and  Appalachian  mountains.  It  pro¬ 
bably  forms  the  high  land  of  the  West  India  islands,  and 
m  South  America  runs  along  theback  settlements  of  Brazil 
Ihese  two  great  lines  of  high  land  divide  America  into 
three  low  lands,  two  of  which  are  between  the  mountain 
chains  and  the  oceans,  and  are  narrow,  particularly  that 
which  borders  the  Pacific  ;  the  other,  forming  the  interior, 
both  of  North  and  South  America,  is  extensive,  fertile 
and  watered  by  the  noblest  rivers  in  the  world. 

THE  ANDES. 

The  most  remarkable  mountains  of  the  Andes  are 
those  of  Cotopaxi,  Chimborazo,  and  Pichincha. 

On  the  top  of  the  latter  was  my  station,  says  Ulloa, ’for  measur¬ 
ing  a  degree  of  the  meridian  ;  where  I  suffered  particular  hard¬ 
ships  from  the  mtenseness  of  the  cold,  and  the  violence  of  the 
storms.  The  sky  around  us  in  general  involved  in  thick  fo»s 
which,  when  they  cleared  away,  and  the  clouds,  by  their  gravity* 
moved  nearer  to  the  surface  of  the  earth,  appeared  surrounding  the 
foot  of  the  mountain,  at  a  vast  distance  below,  like  a  sea  encom 
passing  an  island  in  the  midst  of  it.  When  this  happened  the 
horrid  noises  of  tempests  were  heard  from  beneath,  then  discharg¬ 
ing  themselves  on  Quito  and  the  neighbouring  country.  I  satv 
the  lightning  issue  from  the  clouds,  and  heard  the  thunders  roil 
far  beneath  me.  All  this  time,  while  the  tempest  was  raging  be- 
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low,  the  mountain  top,  where  I  was  placed,  enjoyed  a  delightful 
serenity.  The  wind  was  abated,  the  sky  clear,  and  the  enlivening 
rays  of  the  sun  moderated  the  severity  of  the  cold.  However,  th  is 
was  of  no  very  long  duration  ;  for  the  wind  returned  with  all  its 
violence,  and  with  such  velocity  as  to  dazzle  the  sight;  while  my 
fears  were  increased  by  the  dreadful  concussions  of  the  precipice, 
and  the  fall  of  enormous  rocks ;  the  only  sounds  that  were  heard 
in  this  frightful  situation. 

The  group  of  Chimborazo  and  Carguairazo,  says  Humboldt,  has 
an  absolute  elevation  of  3000  yards.  We  distinguish,  says  he, 
three  kinds  of  principal  forms  belonging  to  the  high  tops  of  the 
Andes.  The  volcanoes  which  are  yet  burning, — those  which  have 
but  a  single  crater  of  extraordinary  size,  are  conic  mountains,  with 
summits  truncated  in  a  greater  or  less  degree  :  such  is  the  figure 
of  Cotopaxi,  of  Popocatepec,  and  the  Peak  of  Orizaba.  Volcanoes, 
the  summits  of  which  have  sunk  after  a  long  series  of  eruptions, 
exhibit  ridges  bristled  with  points,  needles  leaning  in  different  di¬ 
rections,  and  broken  rocks  falling  into  ruins.  Such  is  the  form  of 
the  Altar,  or  Capac-Urcu,  a  mountain  once  more  lofty  than  Chim¬ 
borazo,  and  the  destruction  of  which  is  considered  as  a  memorable 
period  in  the  natural  history  of  the  New  Continent ;  such  is  the 
form  also  of  Carguairaizo,  a  great  part  of  which  fell  in  on  the  night 
of  the  19th  of  July,  1698.  Torrents  of  water  and  mud  then  issued 
from  the  opened  sides  of  the  mountain,  and  laid  waste  the  neigh¬ 
bouring  country.  This  dreadful  catastrophe  was  accompanied  by 
an  earthquake,  which,  in  the  adjacent  towns  of  Hambato,  and 
Llactacunga,  swallowed  up  thousands  of  inhabitants. 

A  third  form  of  the  high  tops  of  the  Andes,  and  the  most  ma¬ 
jestic  of  the  whole,  is  that  of  Chimborazo,  the  summit  of  which  is 
circular;  it  reminds  us  of  those  paps  without  craters,  which  the 
elastic  force  of  the  vapours  swells  up  in  regions  where  the  hollow 
crust  of  the  globe  is  mined  by  subterraneous  fires.  The  aspect  of 
mountains  of  granite  has  little  analogy  with  that  of  Chimborazo. 
The  granitic  summits  are  flattened  hemispheres ,  the  trappean 
porphyry  forms  slender  cupolas.  Thus  on  the  shore  of  the  South 
Sea,  after  the  long  rains  of  winter,  when  the  transparency  of  the 
air  has  suddenly  increased,  we  see  Chimborazo  appear  like  a  cloud 
at  the  horizon  ;  it  detaches  itself  from  the  neighbouring  summits, 
and  towers  over  the  whole  chain  of  the  Andes,  like  that  majestic 
dome,  produced  by  the  genius  of  Michael  Angelo,  over  the  antique 
monuments,  which  surround  the  Roman  Capitol. 

Travellers  who  have  approached  the  summits  of  Mont  Blanc 
and  Mont  Rose  are  alone  capable  of  feeling  the  character  of  this 
calm,  majestic,  and  solemn  scenery.  The  bulk  of  Chimborazo  is 
so  enormous,  that  the  part  which  the  eye  embraces  at  once  near 
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the  limit  of  the  eternal  snows  is  seven  thousand  metres  in  breadth. 
The  extreme  rarity  of  the  strata  of  air,  across  which  we  see  the 
tops  of  the  Andes,  contributes  greatly  to  the  splendour  of  the  snow, 
and  the  magical  effect  of  its  reflection.  Under  the  tropics,  at  a 
height  of  six  thousand  yards,  the  azure  vault  of  the  sky  appears  of 
an  indigo  lint.  The  outlines  of  the  mountain  detach  themselves 
from  the  sky  in  this  pure  and  transparent  atmosphere,  while  the 
inferior  strata  of  the  air,  reposing  on  a  plain  destitute  of  vegeta¬ 
tion,  which  reflects  the  radiant  heat,  are  vaporous,  and  appear  to 
veil  the  middle  ground  of  the  landscape. 

The  elevated  plain  of  Tapia,  which  extends  to  the  east  as  far  as 
the  foot  of  the  altar,  and  of  Condorasto,  is  three  thousand  metres 
in  height,  nearly  equal  to  that  of  Canigou,  one  of  the  highest  sum¬ 
mits  of  the  Pyrennees.  A  few  plants  of  schinus,  molle,  cactus, 
agave,  and  molina,  are  scattered  over  the  barren  plain  ;  and  we 
see  in  the  fore-ground  lamas  (camelus  lacma)  sketched  from  na¬ 
ture,  and  groups  of  Indians  going  to  the  market  of  Lican.  The 
flank  of  the  mountain  presents  the  gradation  of  vegetable  life,  and 
may  be  followed  on  the  western  top  of  the  Andes  from  the  impe¬ 
netrable  groves  of  majestic  palm  trees,  to  the  perpetual  snows,  bor¬ 
dered  by  thin  layers  of  lichens. 

At  three  thousand  seven  hundred  yards  absolute  height,  the 
ligneous  plants  with  coriaceous  and  shining  leaves  nearly  disap¬ 
pear.  The  region  of  shrubs  is  separated  from  that  of  the  grasses 
by  alpine  plants,  by  tufts  of  nerteria,  valerian,  saxifrage,  and  lo¬ 
belia,  and  by  small  cruciferous  plants.  The  grasses  form  a  very 
broad  belt,  covered  at  intervals  with  snow,  which  remains  but  a 
few  days.  This  belt,  called  in  the  country  the  pajonal,  appears  at 
a  distance,  like  a  gilded  yellow  carpet.  Its  colour  forms  an  agree¬ 
able  contrast  with  that  of  the  scattered  masses  of  snow  ;  and  is 
owing  to  the  stalks  and  leaves  of  the  grasses  burnt  by  the  rays  of 
the  sun  in  the  seasons  of  great  draught.  Above  the  pajonal  lies 
the  region  of  cryptogamus  plants,  which  here  and  there  cover  the 
porphyritic  rocks  destitute  of  vegetable  earth.  Farther  on,  at  the 
limit  of  the  perpetual  ice,  is  the  termination  of  organic  life.— Ace 
the  Engraving. 

In  Lapland,  the  level  of  perpetual  snow  is  4000  feet ;  in  Savoy 
and  Switzerland  it  is  8000  ;  on  the  Pyrennees  8100  ;  Teneriffe  is 
not  all  the  year  covered  with  snow  ;  on  the  Cordelleras  it  is  15,747 
feet,  and  on  the  north  side  of  the  Himmalayan  chain,  17,000  feet. 

On  these,  at  15,000  feet  are  fertile  pastures,  where  graze  myriads 
of  animals  through  the  year. 

Cotopaxi  is  the  loftiest  of  those  volcanoes  of  the  Andes,  which, 
at  recent  epochs,  have  undergone  eruptions.  Notwithstanding  it 
ies  near  the  Equator  its  summits  are  covered  with  perpetual 
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snows.  The  absolute  height  of  Cotopaxi  is  18,876  feel,  or  three 
miles  and  a  half,  consequently  it  is  2,622  feel,  or  half  a  mile, higher 
than  Vesuvius  would  be,  were  that  mountain  placed  on  the  top  of 
the  Peak  of  Teneriffe  !  Cotopaxi  is  the  most  mischievous  of  the 
volcanoes  in  the  kingdom  of  Quito,  and  its  explosions  are  the  most 
frequent  and  disastrous.  The  masses  of  sconce,  and  the  pieces  of 
rock,  thrown  out  of  this  volcano,  cover  a  surface  of  several  square 
leagues,  and  would  form,  were  they  heaped  together,  a  prodigious 
mountain.  In  1738,  the  flames  of  Cotopaxi  rose  3000  feet,  or  up¬ 
wards  of  half  a  mile,  above  the  brink  of  Ihe  crater.  In  1744,  the 
roarings  of  this  volcano  were  heard  at  the  distance  of  six  hundred 
miles.  On  the  4th  of  April,  1768,  the  quantity  of  ashes  ejected 
at  the  mouth  of  Cotopaxi  was  so  great,  that  it  was  dark  till  three 
in  the  afternoon.  The  explosion  which  took  place  in  1803,  was 
preceded  by  the  sudden  melting  of  the  snows  that  covered  the 
mountain.  For  twenty  years  before,  no  smoke  or  vapour,  that  could 
be  perceived,  had  issued  from  the  crater  ;  but  in  a  single  ni«ht 
the  subterraneous  fires  became  so  active,  that  at  sun-rise  the  exter¬ 
nal  walls  of  the  cone,  heated  to  a  very  considerable  temperature, 
appeared  naked,  and  of  the  dark  colour  which  is  peculiar  to  vitri¬ 
fied  scoriae,  “  At  the  port  of  Guayaquil,”  observes  Humboldt, 
“  fifty-two  leagues  distant  in  a  straight  line  from  the  crater,  we 
heard,  day  and  night,  the  noise  of  this  volcano,  like  continued  dis¬ 
charges  of  a  battery ;  and  we  distinguished  these  tremendous  sounds 
even  on  the  Pacific  Ocean.”  The  form  of  Cotopaxi  is  the  most 
beautiful  and  regular  of  the  colossal  summits  of  the  high  Andes. 
It  is  a  perfect  cone,  which,  covered  with  a  perpetual  layer  of  snow, 
shines  with  dazzling  splendour  at  the  setting  of  the  sun,  and  de¬ 
taches  itself  in  the  most  picturesque  manner  from  the  azure  vault 
above.  This  covering  of  snow  conceals  from  the  eye  of  the  ob¬ 
server  even  the  smallest  inequalities  of  the  soil  ;  no  point  of  rock, 
no  stony  mass,  penetrating  this  coat  of  ice,  or  breaking  the  regu¬ 
larity  of  the  figure  of  the  cone. 

At  a  short  distance  from  the  south  bank  of  the  St.  Law¬ 
rence,  run  the  mountains,  called  Apalachian,  or  Alle¬ 
ghany.  .  Their  general  direction  is  from  north  to  south, 
and  terminating  by  several  bifurcations  in  Tenessee,  and 
the  Floridas.  The  ridge  consists  of  several  parallel  links, 
sometimes  very  near,  with  only  steep  and  narrow  valleys 
between  them  ;  sometimes  removed,  as  if  by  concert, 
with  ten  or  twelve  leagues  of  ground  intervening.  South¬ 
ward  are  some  insulated  peaks ;  but  the  summits  are 
rounded,  and  the  chain  is  every  where  of  slight  elevation. 
Otter  peak,  the  highest,  is  less  than  4000  feet.  Their 
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aspect  differs  from  that  of  mountains  in  Europe  ;  and 
their  acclivity  very  abruptly  terminates  in  even  summit, 
with  few  breaks,  much  like  a  rampart  with  battlements. 

The  central  link,  called,  on  the  north-east,  Alleghany 
Ridge,  and  to  the  south  Blue  Ridge ,  continues  the  whole 
length  of  the  chain  ;  the  base  varying  from  20  to  30 
leagues.  This  central  link,  though  less  elevated  than 
the  others,  parts  the  waters  east  and  west. 

The  direction  of  the  Alleghany  chain,  north  and  south,  causes 
in  these  countries  a  singular  effect  on  the  climate.  Advancing 
from  the  shores  of  the  Atlantic  towards  the  mountains,  always  un¬ 
der  the  same  latitude,  an  augmentation  of  cold  is  felt,  as  if  ascend¬ 
ing  the  meridians  towards  the  north  ;  but  having  passed  the  chain, 
and  descended  into  the  great  valley  of  the  Mississipi,  the  heat  in¬ 
creases,  as  if  going  towards  the  equator.  This  vicissitude  continues 
to  the  sources  of  the  Mississipi,  on  the  plane  of  Upper  Canada, 
where  the  icy  north-west  wind,  stopped  by  that  plane,  does  not 
reach  the  great  valley.  It  is  similar  in  the  western  part ;  the  cold 
increases  towards  the  chain  of  the  Stony  Mountains,  which  exerts 
an  influence  like  that  of  the  Alleghanys. 

The  Stony  Mountains  extend  through  North  Ame¬ 
rica  fromthe  frozen  Cape  to  the  Ishmus  of  Panama,  al¬ 
ways  at  a  moderate  distance  from  the  Pacific,  towards 
which  verge  several  of  its  ramifications.  Such  extent  must 
evince  great  varieties  of  composition,  height,  climate, 
steepness,  &c. 

The  northern  part,  from  the  sources  of  Peace  river 
east,  and  from  the  Columbia  west,  about  54°  north,  seems 
composed,  like  the  Alleghanys,  of  several  parallel  chains, 
the  most  western  going  along  the  coast  of  the  Pacific. 
The  elevation  is  considerable,  and  snow  is  found  in  the 
high  valleys  in  J une.  On  the  east  the  slope  is  gentle, 
leaning  on  the  level  of  Upper  Canada.  The  line  of  the 
junction  is  marked  by  a  slip  of  marshy  ground,  bordered 
by  mines  of  coal  and  bitumen.  This  slip  diappears,  and 
the  slopes  of  the  plane  become  obvious  north  and  south. 
It  is  then  replaced  by  vast  plains,  surrounded  by  hills,  at 
the  foot  of  the  Stony  Mountains,  parallel  therewith.  The 
borders  of  the  rivers  which  traverse  these  plains,  are  in- 
crusted  with  salt,  and  at  intervals  are  salt  marshes  and 
fountains.  This  order  subsists  both  on  the  side  of  the 
Frozen  Sea,  where  the  Mackenzie  river  runs  ;  and  on  the 
southern  side  watered  by  the  Missouri-, 
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The  Stony  Mountains  are  formed  by  a  strange  combination  of 
primitive  rocks,  decomposed  on  several  points,  as  in  the  Alle- 
ghanys.  Silex  predominates,  and  its  fragments  are  scattered  on 
all  the  slopes.  This  silex  is  perhaps  only  quartz  arising  from  de¬ 
composed  granite,  which  may  also  have  supplied  the  argil  or  kaolin, 
produced  by  altered  felspar,  wherein  is  found  incrusted  that  por¬ 
tion  of  the  rocks  which  has  remained  unaffected  ;  for  at  the  source 
of  the  Peace  River,  the  soil  is  a  mixture  of  argil,  sated,  and  small 
pebbles.  The  rocks  exhibit  abrupt  precipices,  cavities,  salient 
masses,  and  other  unequivocal  signs  of  the  deterioration  which  the 
air  and  waters  necessarily  occasion.  A  warm  air  and  smoke  ex¬ 
hale  from  some  of  the  crevices,  with  a  strong  sulphureous  smell 
indicating  the  vicinity  of  volcanoes.  Indeed,  there  are  several 
along  the  western  slope,  on  the  Pacific,  northward  from  the  60lh 
degree. 

On  this  coast  the  mountains  are  always  covered  with  snow 
which  falls  in  avalanches  more  terrible  by  their  enormous  mass 
and  the  steepness  of  the  descent,  than  those  of  the  Alps.  They 
follow  the  coast  at  some  distance,  and  do  not  exhibit  those  altera¬ 
tions  obvious  in  the  eastern  part,  as  the  snow  and  fire  protect  the 
gianite.  North  of  Alayshka,  the  mountains  have  little  elevation 
and  are  composed  of  black  granite,  mica,  crystallized  quartz,  and 
whetstone,  with  indications  of  iron  mines,  and  on  the  side  of  the 
hills  is  a  bed  of  oeraceous  argil.  The  peninsula  of  Alayshka,  and 
the  Alentian  Isles,  (a  prolongation  of  the  chain,)  have  rocks  oV  dif¬ 
ferent  coloured  jasper ;  and  the  soil  is  merely  a  mould  placed  on 
the  rock.  Several  of  these  islands  are  volcanic,  and  contain  sul 
phur.  South  of  the  peninsula,  there  are  several  high  summits, 
and  Mount  St.  Elie.  The  mountains  are  separated  from  the  se  t’ 
only  by  a  strip  of  marshy  land,  extended  even  to  the  heights  •  and 
being  produced  by  the  wearing  down  of  the  mountains^increases 
constantly  and  gains  on  the  sea.  In  all  this  part  the  rivers  are 
merely  torrents,  and  the  cold  is  most  severe. 

Itt  Africa,  the  Atlas  at  the  N.  W.  extremity  rises  to  a 
great  height,  but  it  sinks  entirely  before  reaching  the  east¬ 
ern  coast.  To  the  south  of  the  Atlas  extends  an  immense 
plain,  composed  chiefly  of  sandy  desarts.  At  its  termi¬ 
nation  are  found  two  very  high  ranges  of  mountains, 
running  inwards,  one  from  the  eastern,  and  the  other 
from  the  western  coast,  and  which  are  generally  supposed 
to  unite  and  form  a  continuous  chain  across  the  conti¬ 
nent.  Theie  are  similar  ranges  behind  Congo  and  IVlo- 
nomopata  ;  and  the  southern  extremity  of  A  frica  defends 
itself  by  a  high  mountain  wall  against  the  force  of  the 
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ocean  which  breaks  against  it.  The  limits,  however,  be¬ 
tween  mountain  and  plain,  throughout  all  this  part  of 
Africa,  cannot  be  determined  with  any  degree  of  precision. 

From  this  general  view  it  will  appear,  that  the  principal 
mountain  chains  of  America  and  Asia  are  arranged  in  a 
species  of  irregular  arch  ;  and  it  is  not  improbable,  if  we 
could  connect  the  mountains  of  Arabia  with  those  of 
Abyssinia  and  central  Africa,  that  they  would  form  a 
continuation  of  the  same  figure,  and  the  whole  would  be 
found  ranged  around  the  shores  of  the  great  ocean,  in  a 
species  of  semicircle  corresponding  to  that  formed  by  the 
shores  of  the  three  continents.  This  wide  circuit  of  high 
land  may  then  be  considered  as  the  main  bulwark  by 
which  the  habitable  globe  is  secured  against  the  encroach¬ 
ments  of  the  watery  element. 

Besides  the  preceding  chains  of  mountains,  there  is 
another  too  remarkable  to  be  omitted — we  mean  the  Peak 
of  Teneriffe,  in  the  Canary  Islands,  one  of  the  highest 
single  mountains  in  the  world,  being  about  4000  yards  of 
perpendicular  elevation.  Different  accounts  have  been 
published  of  its  ascent,  but  the  latest  is  by  Humboldt : 

Towards  three  in  the  morning,  says  this  celebrated  traveller,  by 
the  sombrous  light  of  a  few  fir  torches,  we  began  our  expedition 
for  the  summit  of  the  Piton.  We  scaled  the  volcano  on  the  north¬ 
east,  where  the  declivities  are  extremely  steep ;  and  we  came,  af¬ 
ter  two  hours  toil,  to  a  small  plain,  which,  on  account  of  its  isolated 
situation,  bears  the  name  of  Alta  Vista.  It  is  the  station  also  of 
the  Neveros,  those  natives,  whose  occupation  it  is  to  collect  ice  and 
snow,  which  they  sell  in  the  neighbouring  towns.  Their  mules, 
better  practised  in  climbing  mountains  than  those  hired  by  travel¬ 
lers,  reach  Alta  Vista,  and  the  Neveros  are  obliged  lo  transport  the 
snow  to  this  place  on  their  backs.  Above  this  point  the  Malpays 
begins,  a  term  by  which  is  designated  here,  as  well  as  in  Mexico, 
Peru,  and  every  other  country  subject  to  volcanoes,  a  ground  des¬ 
titute  of  vegetable  mould,  and  covered  with  fragments  of  lavas. 

We  had  yet  to  scale  the  steepest  part  of  the  mountain,  the  Piton, 
which  forms  the  summit.  The  slope  of  this  small  cone,  covered 
with  volcanic  ashes,  and  fragments  of  pumice  stone,  is  so  steep, 
that  it  would  have  been  almost  impossible  to  reach  the  top,  had  we 
not  ascended  by  an  old  current,  of  lava,  the  wrecks  of  which  have 
resisted  the  ravages  of  time.  These  wrecks  form  a  wall  of  scorious 
rocks,  which  stretches  itself  into  the  midst  of  the  loose  ashes.  We 
ascended  the  Piton  by  grasping  these  half  decomposed  scoriiE,  the 
sharp  edges  of  which  remained  often  in  our  hands.  We  employed 
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nearly  half  an  hour  to  scale  a  hill,  the  perpendicular  height  of 
which  is  180  yards. 

When  vve  gained  the  summit  of  the  Piton,  we  were  surprised  to 
find  scarcely  room  enough  to  seat  ourselves  conveniently.  We 
were  slopped  by  a  small  circular  wall  of  porphyritic  lava,  with 
base  of  pitchstone,  which  concealed  from  us  the  view  of  the  crater. 
The  west  wind  blew  with  such  violence  that  we  could  scarcely 
stand.  It  was  eight  in  the  morning,  and  we  were  frozen  with  the 
cold,  though  the  thermometer  kept  a  little  above  the  freezing  point. 

The  brink  of  the  crater  of  the  Peak  bears  no  resemblance  to 
those  of  the  greater  part  of  the  other  volcanoes  which  I  have  vi¬ 
sited  :  for  instance,  the  craters  of  Vesuvius,  JorulIo,and  Picliincha. 
In  these  the  Peak  preserves  its  conic  figure  to  the  very  summit: 
the  whole  of  their  declivity  is  inclined  the  same  number  of  de¬ 
grees,  and  uniformly  covered  with  a  layer  of  pumice  stone,  very 
minutely  divided;  so  that  when  we  reach  the  top  of  them,  no¬ 
thing  obstructs  the  view  of  the  bottom  of  the  crater.  The  Peak 
of  Teneriffe,  and  Cotopaxi,  on  the  contrary,  are  of  very  different 
construction.  At  their  summit  a  circular  wall  surrounds  the 
crater;  which  wall,  at  a  distance,  has  the  appearance  of  a  small 
cylinder  placed  on  a  truncated  cone.  On  Cotopaxi  this  peculiar 
construction  is  visible  to  the  naked  eye  at  more  than  three  miles 
distance  ;  and  no  person  has  ever  reached  the  crater  of  that  vol¬ 
cano.  On  the  Peak  of  Teneriffe,  the  wall  which  surrounds  the 
crater  like  a  parapet,  is  so  high,  that  it  would  be  impossible  to 
reach  the  crater,  if  on  the  eastern  side  there  was  not  a  breach 
which  seems  to  have  been  the  effect  of  a  flowing  of  very  old  lava.' 
We  descended  through  this  breach  toward  the  bottom  of  the  fun¬ 
nel,  the  figure  of  which  is  elliptic.  Its  greater  axis  has  a  direction 
from  north-west  to  south-east,  nearly  N.  35°  W.  The  greatest 
breadth  of  the  mouth  appeared  to  us  to  be  300  feet,  the  smallest 
200  feet. 

Is  the  conical  mountain  of  a  volcano  entirely  formed  of  a  liquified 
matter,  heaped  together  by  successive  eruptions  ;  or  does  it  contain 
in  its  centre  a  nucleus  of  primitive  rocks  covered  with  lavas,  which 
are  the  very  rocks  altered  by  fire  ?  What  are  the  aflinities  which 
unite  the  productions  of  modern  volcanoes  with  the  basaltes,  t!:^ 
phonolites,  and  those  porphyries  with  bases  of  feldspar,  which  are 
without  quartz,  and  which  cover  the  Cordilleras  of  Peru  and 
Mexico,  as  well  as  the  small  groups  of  the  Monts  d’Or,  of  Cantal, 
and  of  Mezen  in  France?  Has  the  central  nucleus  of  volcanoes 
been  heated  in  its  primitive  position,  and  raised  up  in  a  softened 
state  by  the  force  of  the  elastic  vapours,  before  these  fluids  commit 
nicated,  by  means  of  a  crater,  with  the  external  air  ?  What  is,  the 
substance  which,  for  thousands  of  years,  keeps  up  this  combustion, 
which  is  sometimes  so  slow,  and  at  other  times  so  active?  Does, 
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this  unknown  cause  act  at  an  immense  depth  ;  or  does  this  chemical 
action  take  place  in  secondary  rocks  lying  on  granite  ? 

We  reached  the  inside  of  the  crater  with  less  difficulty  than  we 
at  first  expected,  and  examined  the  cone  from  its  summit  to  its 
basis;  we  were  struck  with  the  difference  in  the  produce  of  each 
eruption,  and  with  the  analogy  which  still  exists  between  the  lavas 
of  the  same  volcano:  but,  notwithstanding  the  care  with  which 
we  interrogated  Nature,  and  the  number  of  partial  observations 
which  were  presented  at  every  step,  we  return  from  the  summit 
of  every  burning  volcano  less  satisfied  than  when  we  were  preparing 
to  go  thither.  It  is  after  we  have  studied  them  on  the  spot,  that 
Volcanic  phenomena  appears  still  more  isolated,  more  variable, and 
more  obscure,  than  we  imagined  them  when  consulting  the  nar¬ 
ratives  of  travellers. 

We  descended  to  the  bottom  of  the  crater  on  a  train  of  broken 
lava,  from  the  eastern  breach  of  the  enclosure.  The  heat  was  per¬ 
ceptible  only  in  a  few  crevices,  which  gave  vent  to  aqueous  vapours 
with  a  peculiar  buzzing  noise.  Some  of  these  funnels  or  crevices 
are  on  the  outside  of  the  enclosure,  on  the  external  brink  of  the 
parapet  that  surrounds  the  crater.  We  plunged  the  thermometer 
into  them,  and  saw  it  rise  rapidly  to  68  and  75  degrees.  It  no 
doubt  indicated  a  higher  temperature,  but  we  could  not  observe 
the  instrument  till  we  had  drawn  it  up,  lest  we  should  burn  our 
bands.  M.  Cordier  found  several  crevices,  the  heat  of  which  was 
that  of  boiling  water.  It  might  be  thought  that  these  vapours 
which  are  emitted  in  gusts,  contain  muriatic  or  sulphurous  acid  ; 
but,  when  condensed,  they  have  no  particular  taste;  and  experi¬ 
ments,  which  several  naturalists  have  made  with  reagents,  prove, 
that  the  chimneys  of  the  Peak  exhale  only  pure  water.  This  phe¬ 
nomenon,  analogous  to  what  I  observed  in  the  crater  of  Jorullo,  de¬ 
serves  the  more  attention,  as  muriatic  acid  abounds  in  the  greater 
part  of  volcanoes,  and  as  M.  Vauquelin  has  discovered  it  even  in  the 
porphyritic  lavas  of  Auvergne. 

We  prolonged  in  vain  our  stay  on  the  summit  of  the  Peak,  to 
wait  the  moment  when  we  might  enjoy  the  view  of  the  whole  of 
the  Archipelago  of  the  Fortunate  Islands.  We  discovered  Palma, 
Gomera,  and  the  Great  Canary  at  our  feet.  The  mountains  of 
Lanzerota,  free  from  vapours  at  sun-rise,  were  soon  enveloped  in 
thick  clouds.  On  a  supposition  only  of  au  ordinary  refraction, 
the  eye  takes  in,  in  calm  weather,  from  the  summit  of  the  volcano, 
a  surface  of  the  globe  of  5700  square  leagues,  equal  to  a  fourth  of 
the  surface  of  Britain.  The  question  has  often  been  agitated,  if  it 
were  possible  to  perceive  the  coast  of  Africa  from  the  top  of  this  co¬ 
lossal  pyramid  ;  but  the  nearest  parts  of  this  coast  are  still  farther 
from  Teneriffe  than  2°  49',  or  56  leagues.  The  visual  ray  of  the  ho¬ 
rizon  from  the  Peak  being  1°  57',  Cape  Bojadoz  can  be  seen  only  ou 
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She  supposition  of  its  height  being  400  yards  above  the  level  of  the 

oceau. 

We  could  not  withdraw  our  eyes,  on  the  summit  of  the  Peak,  from 
oDserving  the  brilliant  colour  of  the  azure  sky.  Its  intensity  at 
the  zenith  appeared  to  correspond  to  41°  of  the  cyanometer.  We 
know  by  Saussure’s  experiment,  that  this  intensity  increases  with 
the  rarity  of  the  air,  and  that  the  same  instrument  indicated  at  the 
same  period  20°  at  the  priory  of  Camouni,  and  40° at  the  top  of  Mont 
Blanc.  This  last  mountain  is  540  yards  higher  than  the  volcano  of 
Teneriffe ;  and  if,  notwithstanding  this  difference,  the  sky  is  seen 
there  of  a  Jessjdeep  blue,  we  must  attribute  this  phenomenon  to  the 
dryness  of  this  African  air,  and  the  proximity  of  the  torrid  zone. 

Notwithstanding  the  heat  we  felt  in  our  feet  on  the  edge  of  the 
crater,  the  cone  of  ashes  remains  covered  with  snow  during  several 
months  in  the  winter.  It  is  probable,  that  under  the  cap  of  snow 
considerable  hollows  are  found,  like  those  we  find  under  the  glaciers 
of  Switzerland,  the  temperature  of  which  is  constantly  less  elevated 
than  that  of  the  soil  on  whir  h  they  repose.  The  cold  and  violent 
wind  which  blew  from  the  time  of  sun-rise,  forced  us  to  seek  shel¬ 
ter  at  the  foot  of  the  Piton.  Our  hands  and  faces  were  frozen,  while 
our  boots  were  burnt  by  the  soil  on  which  we  walked.  We  descend¬ 
ed  m  the  space  of  a  few  minutes  the  Sugar  Loaf  which  we  had  scaled 
with  so  much  toil ;  and  this  rapidity  was  in  part  involuntary,  for 
we  often  rolled  down  on  the  ashes.  In  spite  of  our  toils  it  was 
not  without  regret  that  we  quitted  this  solitary  place,  this  domain 
where  Nature  towers  in  all  her  solemn  majesty. 


The  mountains  true  sublime  in  ether  rise. 

Transfix  the  clouds,  and  tower  amid  the  skies  * 

The  snowy  fleeces,  which  their  heads  involve  ' 

Still  stay  in  part,  and  still  in  part  dissolve  | 

Torrents  and  loud  impetuous  cataracts 
Through  roads  abrupt,  and  rude  unfashioned  tracts 
Roll  down  the  lofty  mountain’s  channelled  sides 
And  to  the  vale  convey  their  foaming  tides ; 

At  length,  to  make  their  various  currents  one 
The  congregated  floods  together  run  ;  * 

These  confluent  streams  make  some  great  river’s  head 
By  stores  still  melting  and  descending  fed.  J 
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LECTURE  XXVIII. 

ON  MINERAL  PRODUCTIONS  AND  MINES. 

Through  dark  retreats  pursue  the  winding  ore ; 

Search  Nature’s  depths,  and  view  her  boundless  store; 

The  secret  cause  in  tuneful  numbers  sing, 

How  metals  first  were  framed,  and  whence  they  spring: 
Whether  the  active  sun,  with  chemic  flames, 

Through  porous  earth  transmits  his  genial  beams ; 

With  heat  impregnating  the  womb  of  night, 

The  offspring  shines  with  its  paternal  light : —  . 

Or,  whether,  urged  by  subterraneous  flames, 

The  earth  ferments,  and  flows  in  liquid  streams ; 

Purged  from  their  dross,  the  nobler  parts  refine, 

Receive  new  forms,  and  with  fresh  beauties  shine : — 

Or,  whether  by  creation  first  they  sprung, 

When  yet  unpoised  the  world’s  great  fabric  hung: 

Metals  the  basis  of  the  earth  were  made, 

The  bars  on  which  its  fix’d  foundation’s  laid:  |  *  ' 

t  ^  All  second  causes  they  disdain  to  own, 

[  And  from  th’  Almighty’s  fiat  sprung  alone.  yalden. 

In  the  adjoining  lectures  we  have  treated  of  the 
disposition  of  the  different  kinds  of  earths,  the  changes 
which  the  surface  of  the  earth  has  undergone  at  diffe¬ 
rent  periods,  its  wonderful  natural  fissures  and  caverns, 
and  of  the  nature  and  origin  of  that  part  of  fossil  pro¬ 
ductions,  which  are  denominated  extraneous .  We 
shall  here  proceed  to  give  a  succinct  view  of  the  earth’s 
several  mineral  productions,  with  a  view  to  illustrate 
this  important  branch  of  the  economy  of  nature. 

On  taking  a  cursory  view  of  the  surface  of  this  globe, 
composed  of  high,  wild,  and  rocky  mountains,  its  nu¬ 
merous  valleys,  rivers,  and  undulated  surface,  together 
with  the  vast  expanse  of  ocean,  we  are  apt  to  consider 
the  mountains  and  rocks  as  forming  a  kind  of  chaos, 
without  regularity  or  order;  but  the  laborious  and  pa¬ 
tient  investigations  of  mineralogists  have  shown,  that 
there  is  in  the  arrangement  of  the  various  rocks,  an 
order  and  regularity  beyond  what  was,  or  is,  commonly 
imagined, — a  regularity  perfectly  consistent  with  that 
Infinite  wisdom  and  Almighty  power  which  formed  the 
vast,  the  unbounded  system  of  the  universe.  It  is  this 
regularity  in  the  succession  and  arrangement  of  the 
various  rocks,  from  the  Alpine  heights  to  the  valleys 
and  level  of  the  sea,  which  guides  the  mineralogist  in 
his  investigations,  when  searching  for  those  minerals 
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which  are  so  beneficial  to  man  in  the  state  of  civilized 
society. 

Veins  of  metal  are  found  in  rocks,  aggregated,  in 
masses,  more  broad  than  thick,  and  differing  essentially 
from  the  rocks  they  traverse;  but  often  continuing 
several  leagues  in  varied  directions.  In  mining  coun¬ 
tries,  the  mountains  are  variously  pierced  by  veins, 
shelving  from  the  horizontal  position  to  a  vertical,  and 
even  crossing  each  other  on  different  points.  Some¬ 
times  a  vein  appears  again  at  some  distance,  after  be¬ 
ing  interrupted  by  something  from  ulterior  and  local 
changes  experienced  by  the  granitic  formation  ;  or  from 
inability  of  the  veins,  at  the  formation  of  the  mountains, 
to  follow  the  rise  of  that  formation.  Veins  were  ho¬ 
rizontal  at  their  commencement,  and  in  the  granitic 
mass,  as  it  lay  round  the  nucleus,  formed  ramifications 
on  all  points.  But  on  the  rising  of  the  granite,  veins 
started  up,  or  were  broken,  according  to  the  projection 
of  the  spot  on  which  they  lay. 

Veins  vary  in  thickness,  or  magnitude,  from  one  inch 
to  several  yards.  The  largest  are  not  the  richest;  and 
the  part  nearest  the  soil  is  often  thicker  than  the  lower 
extremity.  Veins  of  metal  seldom  occur  in  real  granite, 
but  in  gneiss  and  schist. 

The  matter  of  a  vein  is  composed  of  some  sort  of 
ore,  in  a  kind  of  matrix,  surrounded  by  borders.  The 
latter  are  earthy  substances,  different  from  the  rock, 
which  serves  as  a  wall  or  roof  when  the  vein  is  horizon¬ 
tal  or  inclined;  or  as  a  partition  when  it  is  vertical. 
Argil,  quartz,  and  calcareous  spar,  form  mostly  the  bor¬ 
ders ;  and,  though  distinct,  part  of  the  matrix.  Yet 
the  parts  of  the  vein  do  not  separate  neatly;  but  often 
there  is  a  mixture  of  the  ore,  matrix,  and  border,  and 
even  of  the  rock  also.  The  parcels  of  ore,  are,  in  some 
places,  disseminated  in  the  mass  of  the  mountains ; 
hence  mines  which  have  been  worked  and  abandoned, 
may,  after  a  certain  time,  become  again  productive. 

And  now  the  regions  deep  explore, 

Where  metals  ripen  in  vast  cakes  of  ore. 

Here,  sullen  to  the  sight,  at  large  is  spread 
The  dull  unwieldy  mass  of  lumpish  lead. 

There,  glimm’ring  in  their  dawning  beds,  are  seen 
The  light  aspiring  seeds  of  sprightly  tin. 

The  copper  sparkles  next  in  ruddy  streaks. 
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The  silver  then,  with  bright  and  burnish’d  grace,  > 

Yrouth  and  a  blooming  lustre  in  its  face, 

To  th’  arms  of  those  more  yielding  metals  flies, 

And  in  the  folds  of  their  embraces  lies.  garth. 

The  ore,  or  metallic  matter,  as  found,  has  five 
varied  forms  or  states,  native,  mixed,  oxidised,  combusti¬ 
ble,  a  cidiferous.  Gold,  silver,  mercury,  copper,  bismuth, 
antimony,  and  arsenic,  are  found  in  their  native  state. 
Mercury  is  not  originally  native,  but  it  becomes  so  by 
the  least  heat,  and  flows  into  the  hollows  of  rocks,  where 
it  is  gathered.  Of  native  metals,  only  gold,  silver,  and 
copper,  are  found  in  primitive  rocks.  Quartz  is  the 
matrix  of  gold,  calcareous  spar  of  silver,  and  argil  of 
copper.  Veins  of  copper  are  scarce;  it  is  mostly  in 
layers ;  but  the  two  other  are  never  so.  Silver  veins 
are  the  richest ;  gold,  less  so,  most  gold  being  gathered 
in  the  sand  of  rivers,  or  extracted  from  earth  by  wash¬ 
ing.  Mixed  mines  are  common.  Gold  is  found  with 
tellurium ;  silver  with  mercury  ;  antimony  with  arsenic  ; 
arsenic  with  iron,  &c.  &c.  Often  several  metals  ap¬ 
pear  together,  as  in  mines  of  gold,  silver,  lead,  mercury, 
&c.  or  intimately  combined  in  globules,  as  platina, 
which  may  be  connected  with  8  or  10  different  metals. 

Except  platina,  gold,  and  silver,  the  other  metals  are 
all  found  in  the  state  of  oxide.  Manganese  and  iron 
abound,  and  continually  appear  in  other  formations,  be¬ 
cause  of  their  great  oxydation.  Iron  mines  are  so  nu¬ 
merous  as  to  be  classed  into  oxidulated ,  pyrocete,  oli - 
gist,  and  oxidated  iron.  The  first  comprehends  all 
mines  whose  iron  has  very  little  oxygen,  and  affects  the 
magnetic  needle.  To  this  belongs  the  loadstone ;  found 
in  the  superior  part  of  the  mine.  This  iron  occurs  only 
in  primitive  rocks,  in  large  deep  beds.  The  pyrocete  iron, 
more  oxidised,  arises  from  volatilization  by  volcanos. 
Oligist  iron  is  yet  more  oxidised,  and  does  not  affect 
the  magnet ;  to  this  belong  all  specular  irons,  commonly 
found  in  primitive  rocks,  always  in  layers.  Oxidated 
iron,  which  has  lost  its  metallic  character,  and  is  re¬ 
duced  to  the  earthy  state,  is  confounded  and  mixed 
with  the  earths  in  the  hematites,  and  other  inferior  ores 
of  iron. 

Such  are  Nature’s  means  of  assimilating  the  metals  in 
the  divers  phenomena  of  the  globe.  By  varied  oxida- 
dations  they  assimilate  to  the  rocks,  are  confounded 
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■with  the  earths,  and  diffused  every  where.  All  the 
metals,  combined  with  oxygen,  exhibit  similar  results  to 
iron.  Carbon,  phosphorus,  sulphur,  and  perhaps  similar 
combustibles  yet  unascertained,  acting  as  mineralizers, 
reduce  the  metals  into  carburets,  phosphurets,  sulphu- 
rets,  &c. 

The  most  common  and  richest  mines  are  sulphuretted  ; 
as  those  of  arsenic  known  by  the  name  of  orpiment  and 
realgar ;  of  grey  antimony  blende,  or  sulphuretted  zinc, 
nickel,  sulphuret  of  bismuth,  galena,  cinnabar,  martial 
pyrites,  &c.  The  least  humidity  decomposes  the  sul¬ 
phuret  of  iron ;  the  metal  then  passes  to  oxide,  and 
the  sulphur  to  acid  ;  whence  the  ores  of  slimy  iron,  and 
the  yarious  sulphates.  This  decomposition  is  also  the 
origin  of  the  sulphureous  waters  ;  the  pyrites  in  decom¬ 
posing,  burn,  and  the  heat  is  absorbed  by  any  water 
near,  which  becomes  proportionally  heated. 

The  acids  also  act  powerfully.  When  they  meet  oxi¬ 
dised  metals  they  combine  and  form  metallic  salts. 
Except  gold  and  platina,  all  metals  are  thus  transformed 
by  the  sulphuric,  muriatic,  carbonic,  and  phosphoric 
acids.  The  acidifiable  metals  also  combine  often  with 
the  various  oxides,  and  form  saline  mineral  compounds, 
as  chromate  of  iron,  molybdate  of  lead,  arseniate  of  co¬ 
balt,  See.  These  are  common ;  (but  not  in  primitive  for¬ 
mations;)  and  are  proved  to  be  formed  posterior  to  the 
granite ;  as  all  the  mines  of  the  primitive  mass  which 
afford  such  saline  compounds,  give  them  at  the  head  of 
the  veins,  and  of  but  few  yards  in  depth.  All  metallic 
sulphates  are  from  decomposed  sulphurets :  iron  seems 
the  only  metal  whose  salts  are  in  deep  beds,  yet  always 
in  the  secondary  rocks. 

Granite  contains  fewer  and  less  extensive  metalliferous  veins  and 
beds  than  the  slaty  rocks  of  the  primitive  class.  Tin,  of  all  the  metals, 
is  that  which  is  most  peculiar  to  granite.  Tin-stone  occurs  in  the  gra¬ 
nite  of  Cornwall,  Saxony,  Limoges,  and  in  these  countries  is  gene¬ 
rally  associated  with  wolfram.  Iron  is  frequent  in  granite.  The 
mines  of  Traverella,  in  Piedmont,  are  situated  in  a  granite  which  is 
subordinate  to  mica-slate.  The  mines  of  brown  iron  ore  at  Taurynia, 
and  of  Fillolo  in  the  eastern  Pyrenees,  are  in  granite.  Iron  pyrites 
is  frequently  found  disseminated  through  granite  :  and  galena, orlead- 
glance,  graphite,  molybdena,  bismuth,  gold,  silver,  copper,  zinc, 
manganese,  cobalt,  are  among  the  metals  sometimes  met  with  in  this 
rock.  -  sga 

Gneiss  is  one  of  the  most  metalliferous  of  the  primitive  rocks.  The 
.metals  occur  in  veins,  beds,  and  imbedded  masses,  but  in  greatest  v»- 
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riety  in  veins.  There  are  few  metals  that  do  not  occur  in  it.  Most 
of  the  Saxon,  Bohemian,  and  Saltzburg  mines  are  situated  in  this 
rock.  The  oldest  formation  appears  to  be  that  which  contains  tin¬ 
stone.  The  tin-ore  is  accompanied  with  arsenic-pyrites,  fluor  spar, 
chlorite,  topaz,  and  opal.  The  second  formation  appears  to  be  lead- 
glance.  The  third  formation  consistsprincipally  of  copper, and  the  ores 
are  grey  copper-ore,  copper-glance,  copper-pyrites,  and  variegated 
copper-ore.  The  fourth  formation,  which  is  very  extensive,  contains 
ores  of  cobalt.  The  newest  formation  is  that  which  contains  ores  of  sil¬ 
ver.  Veins,  containing  antimony  and  red  ironstone,  occur  in  gneiss, 
and  these  are  supposed  to  be  newer  than  any  of  the  preceding.  Veins 
of  quartz  with  gold  also  occur  in  gneiss.  The  metalliferous  beds  that 
occur  in  this  rock  contain  magnetic  iron-ore,  argentiferous  lead- 
glance,  blende,  copper,  and  iron-pyrites.  The  lead-mines  of  Stron- 
tian  are  situated  in  gneiss. 

^  Mica  Slate  is  another  of  the  most  metalliferous  of  the  mountain  rocks. 
The  ores  it  contains  occur  frequently  in  beds,  but  more  rarely  in 
veins,  which  is  directly  the  reverse  of  gneiss,  where  ores  occur  more 
frequently  in  veins  than  in  beds.  The  ores  that  occur  in  beds  are  the 
following:  magnetic  ironstone,  iron-pyrites,  copper-pyrites,  arsenic- 
pyrites,  red-iron  ore,  lead-glance,  blende,  gold,  and  glance-cobalt ; 
and  these  ores  are  accompanied  with  actynolite,  garnet,  and  asbestus. 

Clay-slate  is  rich  in  metals.  It  contains  many  of  the  venigenous 
formations  that  occur  in  the  preceding  primitive  rocks,  as  tin,  lead, 
cobalt,  and  silver.  Very  considerable  metalliferous  beds  also  fre¬ 
quently  occur,  and  these  contain  copper-pyrites,  red  copper-ore, 
copper-green,  blue  copper,  malachite,  iron-pyrites,  magnetic-pyrites, 
glance-cobalt,  grey  cobalt-ore,  arsenic-pyrites,  blende,  and  lead- 
glance.  Gold  occurs  in  this  formation,  and  also  cinnabar. 

The  metalliferous  beds  in  primitive  limestone,  contain  ores  of 
different  kinds,  as  lead-glance,  blende,  magnetic  ironstone,  magnetic- 
pyrites,  auriferous  arsenic-pyrites,  and  native  gold. 

Serpentine  contains  magnetic  ironstone,  either  in  imbedded  grains 
and  masses,  or  in  small  veins,  and  these  are  sometimes  so  consider¬ 
able  as  to  be  worthy  of  being  worked  as  mines. 

The  richest  mines  at  present  known,  those  of  Mexico,  are  situated 
in  enormous  veins  that  traverse  sienitic  porphyry.  The  mines  of 
Hungary,  the  most  considerable  on  the  continent  of  Europe,  are  situ¬ 
ated  in  the  same  kind  of  porphyry  ;  and  it  would  appear  that  the  fa¬ 
mous  mines  of  Cyprus,  so  much  extolled  by  the  ancients,  were  also  in 
porphyry.  The  numerous  veins  of  lead,  copper,  and  silver,  worked 
at  Gitomagny,  in  the  Vosges,  are  in  a  porphyry  tract. 

Quartz  rock  often  contains  disseminated  iron  pyrites,  and  occa¬ 
sionally  lead-glance,  copper-pyrites,  and  blende. 

Ores,  of  various  descriptions,  abound  in  gray  wacke  and  transi¬ 
tion  clay-slate;  thus  the  lead  mines  of  Leadhills,  and  of  Wanlock- 
head,  are  situated  in  these  rocks,  and  the  same  is  the  case  with  the 
productive  lead  and  silver  mines  in  Hanover,  in  Transylvania,  in 
France,  and  in  Mexico. 

The  ores  most  frequently  met  with  in  the  last  formation,  are  clay, 
iron-ore,  and  galena,  or  lead-glance.  The  iron-ore  occurs  every 
where  in  the  coal-fields  of  this  island;  but  the  lead-glance  is  found  in 
quantity  only  in  the  coal-districts  in  the  north  of  England  and  in 
Wales.  Copper,  silver,  and  even  gold,  are  among  the  metalliferous 
productions  of  this  formation. 

The  lead  mines  of  Northumberland  and  Durham,  and  the  lead  and 
copper  mines  of  Derbyshire,  are  situated  in  mountain  limestone. 

It  appears  that  metals  differ  in  the  period  of  their  formation,  ac» 
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carding  to  the  age  of  the  rocks.  That  the  variety  and  quantity  of  me¬ 
talliferous  substances  decrease  in  general  from  the  primitive  to  the  al¬ 
luvial  period  of  the  earth’s  formation.  That  cerium,  chrome,  and 
bismuth,  are  metals  of  the  oldest  primitive  formation.  That  arsenic, 
cobalt,  nickel,  silver,  and  copper,  extend  to  newer  mountains.  That 
gold,  tellurium,  antimony,  and  manganese,  are  metals  of  a  middle  age, 
occurring  in  the  newer  primitive,  the  transition,  and  the  oldest  se¬ 
condary-rocks.  That  lead,  zinc,  and  mercury,  are  of  later  date, 
when  compared  with  those  metals  occurring  in  greatest  quantity  in  the 
newer  or  secondary  formations.  That  iron  is  found  in  every  rock, 
from  the  oldest  granite  to  the  newest  alluvial  deposit,  and  is  therefore 
a  production  of  every  period. 

In  Cornwall,  the  common  opinion  entertained  by  the  miners  is,  that 
crude  immature  minerals  nourish  and  feed  the  ores  with  which  they 
are  intermixed  in  the  mines;  and  that  the  minerals  themselves  will,  in 
process  of  time,  be  converted  into  ores  productive  of  those  metals  to 
which  they  have  the  nearest  affinity,  and  with  which  they  have  the 
greatest  intercourse. 

The  richest  and  most  celebrated  gold  and  silver- 
mines  are  those  of  Peru  and  Chili,  in  South  America. 
Iron- mines  are  more  abundant  in  Europe  than  else¬ 
where.  Copper-mines  are  chiefly  found  in  Sweden, 
Denmark,  and  England  ;  and  lead  and  tin-mines  in 
England  ;  the  latter,  more  particularly  in  the  county  of 
Cornwall.  Quicksilver-mines  abound  principally  in 
Hungary,  Spain,  Friuli  in  the  Venetian  territories,  and 
Peru;  diamond-mines  in  the  East  Indies  and  Brazil, 
and  salt-mines  in  Poland. 

The  mountain  of  Potosi  produces  weekly  about  five 
thousand  marks  of  silver,  that  is  from  thirty  to  forty 
thousand  dollars.  Six  thousand  Indians,  or  Negroes, 
are  sent  every  eighteen  months,  to  work  these  mines. 

The  mines  of  Mexico,  or  New  Spain,  have  been  more 
celebrated  for  their  riches  than  those  of  Potosi,  notwith¬ 
standing  which  the  ores  are  remarkable  for  the  poverty 
of  the  mineral  they  contain.  A  quintal,  or  one  thou¬ 
sand  six  hundred  ounces  of  silver  ore,  affords,  at  a  me¬ 
dium,  not  more  than  three  or  four  ounces  of  pure  silver, 
about  one-third  of  what  is  yielded  by  the  same  quantity 
of  ore  in  Saxony.  It  is  not,  therefore,  owing  to  the 
richness  of  the  ore,  but  to  its  abundance,  and  the  faci¬ 
lity  of  working  it,  that  the  mines  of  New  Spain  are  so 
much  superior  to  those  of  Europe. 

The  mines  of  Guanaxuato,  infinitely  richer  than  those 
of  Potosi  ever  were,  afforded  from  1790  to  1803,  nearly 
forty  millions  of  dollars  in  gold  and  silver,  or  very 
nearly  five  millions  of  dollars  annually,  being  somewhat 
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less  than  one-fourth  of  the  whole  quantity  of  gold  and 
silver  from  New  Spain. 


Fr°m  1492  to  1803,  the  quantity  of  gold  and  silver  extracted  from 
ine  American  mines  has  been  equal  in  value  to  5,706,700,000  dollars- 

SU1?’  the  Portion  brought  into  Europe,  including 

5h445  00nynonade-  ^  the  con(iuer?rs  of  America,  is  estimated  at 
°™°’  S1Ving  an  averaSe  of  17  millions  and  a  half  of  dollars 
*  ,  e  annual  importation  being  divided  into  six  periods,  a»- 
t0  laJC  bC^n  cons|iantly  augmenting,  and  in  the  following  pro- 
^rr.1492  to  1500’  h  did  not  exceed  250,000  dollars. 
S  *  11  amounted  t0  three  millions  of  dollars.  From 

v  ^An600’^?  11  milHons*  From  1600  to  1700,  to  16  millions 
?  r?SJ  /0t°  1750’ !°.22  millions  and  a  half.  And,  lastly,  from  1750 

IVhV  \  the  P^odigmus  sUm  of  35,300,000  dollars,  nearly  equal  to 
ght  millions  sterling.  Humboldt  calculates  the  weight  of  silver  in 
three  centuries,  at  316  millions  of  lbs. 


The  gold  mines  of  Brazil  are  very  productive.  Those 
called  General  are  distant  about  seventy-five  leagues 
from  Bio  Janeiro,  which  is  the  staple  and  principal  out¬ 
let  of  the  riches  of  the  Brazilian  territory.  They  yield 
to  the  state,  annually,  for  its  right  of  fifths,  at  least  one 
hundred  and  twelve  arrobas  (weighing  twenty-five 
pounds  each)  of  gold.  Their  yearly  produce,  may, 
therefore,  be  estimated  at  upwards  of  eight  hundred 
thousand  pounds  sterling;  and  that  of  the  more  distant 
mines  at  about  one-third  the  sum. 

Mozambique  in  Africa,  abounds  in  gold/which  is  wash¬ 
ed  down  by  the  rivers,  and  forms  a  chief  part  of  the 
commerce  of  the  country.  The  kingdoms  of  Monomo- 
tapa  and  Sofala  likewise  furnish  considerable  quantities 
of  gold ;  and  the  Portuguese  report  that  they  yield 
annually  more  than  a  million  sterling. 

The  most  productive  gold  mines  in  Asia  are  those  in 
the  Island  of  Japan.  The  gold  is  procured  by  washing 
the  sands,  and  a  small  quantity  is  likewise  found  in  the  ore 
of  copper.  The  richest  gold  ore,  and  that  which  yields 
the  finest  gold,  is  dug  in  one  of  the  northern  provinces 
ot  the  island  of  Niphon,  a  dependency  of  Japan  where 
gold  mines  were  formerly  very  productive. 

Thibet  contains  a  great  abundance  of  gold,  w  hich  is 
traced  in  the  rivers  flowing  from  that  territory  into  the 
Cxanges.  In  Hindostan  there  are  many  mines  of  o0ld. 
Bosina,  in  Sclavonia,  contains  rich  mines  of  gold&and 
silver.  The  produce  of  the  latter  resembles  the  native 
silver  of  Potosi,  and  is  found,  combined  with  pure 
quartz,  in  small  thin  leaves  resembling  moss.  Norway 
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contains  silver  mines,  which  are  extremely  valuable. 

1751,  forty-one  shafts  and.  twelve  veins,  were 
wrought  in  one  mine,  and  gave  employment  to  3,500 
officers,  artificers,  and  labourers. 

The  gold  and  silver  mines  of  Hungary  and  Transyl¬ 
vania,  are  the  only  ones  in  Europe  of  fixed  and  stable 
importance,  and  till  the  discovery  of  Peru,  Mexico,  and 
Brazil,  were  held  of  prime  consideration.  The  well- 
known  mines  of  Schemnitz  and  Kremnitz,  with  those  of 
Kapnick,  Nagy,  Banya,  Voros  Patack,  and  others,  are 
still  worked  to  great  advantage.  Hungary  also  contains 
copper  mines  of  great  importance,  and  indeed  the  rich¬ 
est  in  Europe;  those  of  Oravitza,  Moldava,  and  others 
in  the  Banat ;  those  of  Iglo,  Dobschau,  Smolnitz,  Her- 
rengrund,  Libethen,  are  in  Hungary.  Iron  mines 
abound,  and  the  mineral,  from  its  excellent  nature  and 
quality,  may  be  compared  with  that  of  Sweden  or  Nor¬ 
way.  Some  few  mines  of  quicksilver  are  also  found, 
but  the  quantity  extracted  is  small. 

M.  Beudant,  in  his  recent  Travels  in  Hungary,  pub¬ 
lished  in  the  Journal  of  Voyages  and  Travels,  gives  the 
following  description  of  the  gold  and  salt  mines  of 
that  countrv. 

“  The  wofks  at  Villiczka,”  says  he,  “  are  on  a  grand  scale,  con 
ducted  with  perfect  regularity,  and  even  w  ith  a  sort  of  luxury.  Beau 
tiful  galleries,  large  and  elevated,  form  easy  communications  between 
all  the  works  of  each  story;  superb  escaliers,  cut  in  the  saline  mass 
or  constructed  of  solid  timber-work,  in  the  heart  of  the  different  ex¬ 
cavations,  produce  a  general  circulation,  and  points  of  junction  be¬ 
tween  the  upper  surface  at  the  aperture,  and  the  labours  throughout 
even  where  they  are  the  deepest.  In  general,  this  depot  may  be 
considered  as  an  immense  mass  of  argile,  called  by  the  workmen 
halda ,  disposed,  not  in  strata,  but  in  vast  bodies  unusually  voluminous 
to  which  names  have  been  given  according  to  their  respective  posi¬ 
tions,  and  the  degree  of  purity  in  the  salt.  The  works  are  divided 
into  stories;  the  first,  or  uppermost,  is  a  coarser  sort,  called  gransalz , 
or  greensalt.  The  second  story  exhibits  a  purer  salt,  named  spiza’ 
immense  quantities  of  which  are  exported  to  foreign  countries.  The 
third  and  last  story,  named  szibic,  is  lamellated,  that  is,  divided  into 
a  number  of  thin  plates.  Organic  remains  have  been  occasionally 
discovered  in  this  mine.  Remnants  of  cray  fish,  and  the  shells  called 
chamites ,  have  been  found  in  the  heart  of  the  saliferous  argile.  It  is 
not  unusual  to  meet  with  ammonites,  and  other  marine  shells,  even  in 
the  salt  itself,  and  in  the  argile,  petrifactions,  and  pit-coal.  M. 
Townson  noticed  little  bivalve  shells  in  the  argile  that  encloses  the 
spiza  salt.  Some  have  mentioned  elephants’  teeth,  and  the  ossifica¬ 
tions  of  quadrupeds,  but  these  have  rather  been  found  in  the  lands, 
increased  by  river  slime,  of  the  adjacent  plain,  than  in  the  saliferous 
depot.  The  greatest  depth  of  the  labours  in  the  mine  of  Villiczka  is 
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about  960  feet  below  the  surface.  The  descent  into  the  mine  is  about 
150  feet  below  the  level  of  the  sea. 

The  organic  remains  peculiar  to  these  mines  consist  of  lignites,  or 
fossil  carbonized  wood,  scattered  through  the  salt,  and  marine  shells 
enclosed  in  the  saliferous  argile.  The  fossil  wood  is  so  abundant  in 
the  spiza  salt,  that  it  is  hardly  possible  to  break  off  a  piece  wherein 
some  will  not  appear.  Some  have  nearly  passed  into  a  state  of  jet 
by  transformation,  others  are  altogether  bituminous,  and  retain  their 
figure.  There  are  very  large  trunks  and  fragments,  as  well  as  very 
thin  branches  of  trees.  I  have  been  informed  that  leaves,  in  the  form 
of  cords,  have  sometimes  been  found.  I  observed,  in  the  director’s 
collection,  a  fruit  of  a  round  form,  of  the  size  of  a  nut,  in  tolerable 
preservation. 

All  the  depots  of  salt,  at  Villiezka  and  Bochnia,  with  all  those  in 
Gallicia  and  the  Buckawine,  as  well  as  in  Hungary,  are  found  uni¬ 
formly  in  one  position,  i.  e.  at  the  foot  of  a  chain  of  mountains.  The 
saliferous  depots  of  Poland  are  always  on  the  borders  of  plains,  and 
only  at  the  height  of  about  760  feet  above  the  level  of  the  sea,  while 
in  the  depots  of  the  Alps,  that  are,  apparently,  of  more  ancient  forma¬ 
tion,  they  are  found  at  the  height  of  4850  feet  above  the  same  level. 
The  salt-mine  of  Bochnia,  about  four  leagues  from  that  of  Villiezka, 
exhibits  similar  characters,  and  is  probably  a  continuation  of  it. 

The  gold  mines  of  Cremnitz  lie  40  miles  south  of  the  Carpathian 
hills;  and  20  miles  farther  to  the  south,  are  the  silver  mines  of  Shem- 
nitz.  Hungary  is  beside  enriched  by  a  mineral  peculiar  to  itself,  or 
one,  at  least,  which  has  not  hitherto  been  discovered  elsewhere, 
namely,  the  opal — a  gem  preferred  to  all  others  by  the  oriental  na¬ 
tions.  The  opal  mines  are  situated  at  Ozerwiniza,  where  they  are 
found  in  a  hill  consisting  of  decomposed  porphyry,  a  few  fathoms 
beneath  the  surface.  Their  produce  is  of  various  qualities,  from  the 
opake-white,  or  semi-opal,  to  the  utmost  refulgence  of  the  lively  co¬ 
lours  by  which  this  noble  gem  is  distinguished. 

The  quicksilver  mines  of  Idria  are  the  most  interesting  of  these. 
They  were  discovered  in  1497.  The  subterraneous  passages  of  the 
great  mine  are  so  extensive,  that  it  would  require  several  hours  to  pass 
through  them.  The  greatest  perpendicular  depth,  computing  from 
the  entrance  of  the  shaft,  is  840  feet ;  but  as  these  passages  advance 
horizontally  under  a  high  mountain,  the  depth  would  be  much  greater 
if  the  measure  were  taken  from  the  surface.  To  these  pernicious  ca¬ 
verns  criminals  are  occasionally  banished  by  the  Austrian  government. 

Spain  was,  according  to  ancient  writers,  very  rich  in 
gold  and  silver  ;  and  accordingly  Gibbon  calls  that  king¬ 
dom  “  the  Peru  and  Mexico  of  the  old  world.”  Portu¬ 
gal  contains,  beside  others,  rich  ores  of  silver. 

The  copper  and  iron  mines  of  Sweden  are  the 
most  celebrated  and  most  valuable  in  Europe,  and  are 
of  wonderful  magnitude. 

'  Of  the  great  Copper  Mine  of  Fahlun ,  in  Swedish  Dalecarlia,  Dr. 
Clarke  gives  the  following  description.  “  The  mine  of  Fahlun  is  an 
enormous  crater,  shaped  like  a  sugar-loaf,  with  its  point  downwards ; 
the  same  shape  having  been  that  of  the  natural  deposit  of  the  pyritous 
copper  here  found.  At  the  bottom  of  this  crater,  at  the  depth  of  80 
yards  from  the  surface,  various  openings  lead  to  the  different  levels 
and  places  of  further  descent  into  the  mine.  The  view  in  descending 
the  platforms  is  very  striking;  the  whole  being  open  to  day-JDht  and 
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the  sides  of  the  great  crater  being  diversified,  like  those  of  Vesuvius 
after  some  of  its  eruptions,  with  a  rich  contrast  of  beautiful  colours. 
Having  entered  into  the  opening,  we  found,  after  proceeding"to  a 
short  distance  from  the  mouth  of  it,  some  labourers  twho  were* em¬ 
ployed  in  widening  the  passage.  This  was  effected  by  means  of  gun¬ 
powder;  and  the  force  of  the  explosions,  for  blasting  the  rocks,  shook 
every  thing  that  was  near  to  us.  Passing  into  the  deeper  chambers, 
we  at  last  arrived  at  the  depth  of  350  yards  from  the  surface ;  but 
there  are  much  deeper  excavations;  some  of  which  have  been  carried 
on  to  the  depth  of  400  yards.  Here  we  found  the  heat  very  oppres¬ 
sive  *  :  the  miners,  with  the  exception  of  their  drawers  and  shoes,  were 
naked  at  their  work.  This  high  temperature  increases  always  in  the 
direct  proportion  of  the  descent  from  the  surface  of  the  earth,  and  is 
observed  in  all  mines.  In  the  great  mine  of  Poldice,  near  Truro  in 
Cornwall,  which  has  been  worked,  in  granite,  to  the  depth  of  600 
7ards,  the  miners,  as  at  Fahlun,  carry  on  their  labours  naked;  and 
the  heat  is  so  great  at  the  bottom  of  the  mine,  notwithstanding  the 
accumulating  water,  that  it  may  be  sensibly  felt  by  any  person  placing 
his  hand  against  the  sides  of  the  rock,  as  the  author  himself  expe¬ 
rienced.  The  heat  of  the  Fahlun  mine  is  so  great,  that  it  becomes 
intolerable  to  a  stranger  who  has  not  undergone  the  proper  degree  of 
seasoning  which  enables  a  miner  to  sustain  it.  But  then  there  are 
causes  which  tend  greatly  to  increase  the  natural  temperature;  pro¬ 
digious  fires  are  frequently  kindled,  and  at  a  very  considerable  depth 
in  the  mine,  for  the  purpose  of  softening  the  rocks  previously  to  the 
application  of  gunpowder:  add  to  this,  the  terrible  combustion  which 
has  taken  place  in  the  mine,  threatening  its  destruction.  ,We  saw  the 
walls  which  they  had  constructed  for  opposing  its  progress;  and  the 
overseers,  by  opening  some  double  doors  placed  in  these  walls,  gave 
us  a  transient  view  of  the  fire  itself,  that  was  at  this  time  menacing 
with  its  ravages  the  whole  of  these  ancient  and  valuable  works.  The 
sight  we  had  of  it  was  short;  because  the  fumes  of  sulphur  were  so 
powerful,  that  we  found  it  impossible  to  remain  many  seconds  w ithin 
the  apertures.  By  rushing  in  for  an  instant,  we  saw  enough  to  con¬ 
vince  us  what  the  fate  of  the  mine  would  be  if  the  devouring  element 
were  not  thus  pent,  and  held  in  subjection  by  the  smothering  nature 
of  its  own  exhalations.  The  moment  any  air  was  admitted  from  the 
doors,  and  the  vapours  were  thereby  partially  dispersed,  whole  beds 
of  pyritous  matter  appeared  in  a  state  of  ignition;  the  fire  itself  be¬ 
coming  visible:  but  our  torches  were  extinguished  instantaneously,  and 
it  was  only  by  holding  a  piece  of  cloth  before  the  mouth  and  nostrils 
that  we  could  venture  beyond  the  second  door.  If  this  conflagration 
should  extend  to  a  greater  depth,  the  mine  would  be  destroyed  by  the 
fumes  alone ;  as  it  would  become  impossible  to  proceed  with  the 
works  in  the  midst  of  its  exhalations.  At  the  depth  of  350  yards  we 
were  conducted  into  a  large  open  chamber  or  cave,  in  w  hich  15  naked 
miners  were  actively  engaged,  carrying  on  their  labours.  Here  the  heat 
was  so  powerful,  that  we  found  it  necessary  to  begin  our  re-ascent, 
being  very  much  exhausted.” 


*  A  series  of  investigations  respecting  the  temperature  of  mines, 
has  for  several  years  past  been  carried  on  in  Cornwall,  under  the 
direction,  principally,  of  Messrs.  R.  W.  Fox  and  M.  F.  Moyle.  The 
latter  is  of  opinion,  that  the  observations  prove  the  existence  of  a 
high  temperature  in  the  interior  of  the  earth,  while  Mr.  Moyle  refers 
the  augmentation  of  temperature  in  the  mines  entirely  to  causes  of  a 
local  and  accidental  nature.  At  100  fathoms  depth  the  thermometer 
averages  from  60  to  68° :  at  200  fathoms  from  70  10  79°;  and  in  Dol- 

coath,  at  230  fathoms,  75k’. 

'  ^  -  - _ _ .  .  - _ _  _ 
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One  of  the  most  remarkable  of  the  Swedish  mines,  if  the  name  can 
\wtn  propriety  be  applied  to  it,  is  Tabern,  a  mountain  of  a  consider¬ 
able  size,  composed  entirely  of  pure  iron  ore,  and  occurring;  in  a  large 
tract  of  sand  over  which  it  seems  to  have  been  deposited.  This  moun¬ 
tain  has  been  wrought  for  nearly  three  centuries,  notwithstanding 
winch  its  size  is  scarcely  diminished.  The  richest  iron  mine  of  Swe¬ 
den  is  that  ofDanmora,  in  the  province  of  Upland.  It  is  in  depth 
eighty  fathoms,  occupies  a  considerable  extent  of  territory;  and  its 
ore  is  conveyed  to  the  surface  of  the  earth,  through  several  pits  or 
openings  made  for  that  purpose,  by  means  of  casks  fixed  to  large  ca¬ 
bles,  which  are  put  in  motion  by  horses. 

The  following  account  ot  another  of  these  tremendous  excavations  in 
Sweden  is  in  the  second  sect,  of  the  third  part  of  Dr.  Clarke’s  Travels 
“For  grandeur  of  effect,”  says  he,  “  filling  the  mind  of  the  spectator 
with  a  degree  of  wonder  which  amounts  to  awe,  there  is  no  place  where 
human  labour  is  exhibited  under  circumstances  more  tremendously 
striking.  As  we  drew  near  to  the  wide  and  open  abyss,  a  vast  and 
sudden  prospect  of  yawning  caverns  and  of  prodigious  machinery 
prepared  us  for  the  descent.  We  approached  the  edge  of  the  dread¬ 
ful  gulf  whence  the  ore  is  raised,  and  ventured  to  look  down  • 
standing  on  the  verge  of  a  sort  of  platform,  constructed  over  it  in 
such  a  manner  as  to  command  a  view  into  the  great  opening  as  far  as 
the  eye  could  penetrate  amidst  its  gloomy  depths :  for,  to  the  sight,  it 
is  bottomless.  Immense  buckets,  suspended  by  rattling  chains,  were 
passing  up  and  down;  and  we  could  perceive  ladders  scaling  all  the 
inward  precipices,  on  which  the  work-people,  reduced  by  their  dis¬ 
tance  to  pigmies  in  size,  were  ascending  and  descending.  ‘Far  below 
the  utmost  of  these  figures*  a  deep  and  gaping  gulf,  the  mouth  of  the 
iowrermost  pits,  was,  „-v  its  darkness,  rendered  impervious  to  the 
view,  i  rom  the  spot  where  we  stood,  down  to  the  place  where  the 
buckets  are  filled,  the  distance  might  be  about  75  fathoms;  and  as 
soon  as  any  of  these  buckets  emerged  from  the  gloomy  cavitv  we 
have  mentioned,  or  until  they  entered  into  it  in  their  descent,  they 
were  visible  ;  but  below  this  point  they  were  hid  in  darkness.  The 
clanking  of  the  chains,  the  groaning  of  the  pumps,  the  hallooin^  of 
the  miners,  the  creaking  of  the  blocks  and  wheels,  the  trampling  of 
horses,  the  beating  of  the  hammers,  and  the  loud  and  frequent  subter¬ 
raneous  thunder  from  the  blasting  of  the  rocks  by  gunpowder,  in  the 
midst  of  all  this  scene  of  excavation  and  uproar,  produced  an  effect 
which  no  stranger  can  behold  unmoved.  We  descended  with  two  of 
the  miners,  and  our  interpreter,  into  this  abyss.  The  ladders,  instead 
of  being  placed,  like  those  in  our  Cornish  mines,  on  a  series  of  plat¬ 
forms  as  so  many  landing-places,  are  lashed  together  in  one  unbroken 
line,  extending  many  fathoms;  and  being  warped  to  suit  the  inclina¬ 
tion  or  curvature  of  the  sides  of  the  precipices,  they  are  not  always 
perpendicular,  but  hang  over  in  such  a  manner,  that  even  if  a  person 
held  fast  by  his  hands,  and  if  his  feet  should  happen  to  slip,  thev 
would  fly  oft'  from  the  rock,  and  leave  him  suspended  over  the  gulf. 
Yet  such  ladders  are  the  only  means  of  access  to  the  works  below  • 
and  as  the  labourers  are  not  accustomed  to  receive  strangers,they  neither 
use  the  precautions,  nor  offer  the  assistance,  usually  afforded  in  more 
frequented  mines.  In  the  principal  tin-mines  of  Cornwall,  the  staves 
of  the  ladders  are  alternate  bars  of  w  ood  and  iron :  here  they  were  of 
w  ood  only,  and  in  some  parts  rotten  and  broken,  making  us  often 
wish,  dining  our  descent,  that  we  had  never  undertaken  an  exploit 
so  hazardous.  In  addition  to  the  danger  to  be  apprehended  from  the 
damaged  state  of  the  ladders,  the  staves  were  covered  with  ice  or 
mud ;  and  thus  rendered  so  cold  and  slippery,  that  we  could  have  no 
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dependence  on  our  benumbed  fingers,  if  our  feet  failed  us.  Then,  to 
complete  our  apprehension,  as  we  mentioned  this  to  the  miners,  they 
said, — ‘  Have  a  care!  It  was  just  so,  talking  about  the  staves,  that 
one  of  our  women  fell,  about  four  years  ago,  as  she  was  descending  to 
her  work.’  ‘Fell!’  said  our  Swedish  interpreter,  rather  simply; 
‘and  pray  what  became  of  her?’  ‘  Became  of  her!'  continued  the 
foremost  of  our  guides,  disengaging  one  of  his  hands  from  the  ladder, 
and  slapping  it  forcibly  against  his  thigh,  as  if  to  illustrate  the  manner 
of  the  catastrophe, — ‘  she  became  (patthafea)  a  pancake .’ 

As  we  descended  farther  from  the  surface,  large  masses  of  ice  ap¬ 
peared,  covering  the  sides  of  precipices.  Ice  is  raised  in  the  buckets 
with  the  ore  and  rubble  of  the  mine;  it  has  also  accumulated  in  such 
quantity  in  some  of  the  lower  chambers,  that  there  are  places  wherfe 
it  is  15  fathoms  thick,  and  no  change  of  temperature  above  prevents 
its  increase.  This  seems  to  militate  against  a  notion  now  becoming 
prevalent,  that  the  temperature  of  the  air  in  mines  increases  directly 
as  the  depth  from  the  surface,  owing  to  the  increasing  temperature 
of  the  earth  under  the  same  circumstances  and  in  the  same  ratio  ;  but 
it  is  explained  by  the  width  of  the  aperture  at  the  mouth  of  this, 
mine,  which  admits  a  free  passage  of  atmospheric  air.  In  our  Cornish 
mines,  ice  would  not  be  preserved  in  a  solid  state  at  any  considerable 
depth  from  the  surface. 

After  much  fatigue,  and  no  small  share  of  apprehension,  we  at 
length  reached  the  bottom  of  the  mine.  Here  we  had  no  sooner 
arrived  than  our  conductors,  taking  each  of  us  by  an  arm,  hurried  us 
along,  through  regions  of  ‘  thick  ribbed  ice’  and  darkness,  into  a 
vaulted  level,  through  which  we  were  to  pass  into  the  principal 
chamber  of  the  mine.  The  noise  of  countless  hammers,  all  in  vehe¬ 
ment  action,  increased  as  we  crept  along  this  level ;  until  at  length, 
subduing  every  other  sound,  we  could  no  longer  hear  each  other 
speak,  notwithstanding  our  utmost  efforts.  At  this  moment  we  were 
ushered  into  a  prodigious  cavern,  whence  the  sounds  proceeded  ; 
and  here,  amidst  falling  waters,  tumbling  rocks,  steam,  ice,  and  gun¬ 
powder,  about  50  miners  were  in  the  very  height  of  their  employment. 
The  magnitude  of  the  cavern,  over  all  parts  of  which  their  labours 
were  going  on,  was  alone  sufficient  to  prove  that  the  iron  ore  is  not 
deposited  in  veins,  but  in  beds.  Above,  below,  on  every  side,  and  in 
every  nook  of  this  fearful  dungeon,  glimmering  tapers  disclosed  the 
grim  and  anxious  countenances  of  the  miners.  They  were  now  driv-i 
ing  bolts  of  iron  into  the  rocks,  to  bore  cavities  for  the  gunpowder 
for  blasting.  Scarcely  had  we  recovered  from  the  stupefaction  occa¬ 
sioned  by  our  first  introduction  into  this  Pandcemonium ,  when  we 
beheld,  close  to  us,  hags  more  horrible  than  perhaps  it  is  possible  for 
any  other  female  figures  to  exhibit,  holding  their  dim  quivering  tapers 
to  our  faces,  and  bellowing  in  our  ears.  One  of  the  same  sisterhood, 
snatching  a  lighted  splinter  of  deal,  darted  to  the  spot  where  we  stood, 
with  eyes  inflamed  and  distilling  rheum,  her  hair  clotted  with  mud, 
dugs  naked  and  pendulous ;  and  such  a  face,  and  such  hideous  yells, 
as  it  is  impossible  to  describe.  If  we  could  have  heard  what  she 
said,  we  should  not  have  comprehended  a  syllable:  but  as  several 
others,  equally  Gorgonian  in  their  aspect,  passed  swiftly  by  us,  hasten¬ 
ing  tumultuously  towards  the  entrance,  we  began  to  perceive,  that  if 
we  remained  longer  in  our  present  situation,  Atropos  might  cut  short 
the  threads  of  our  existence ;  for  the  noise  of  the  hammers  had  now 
ceased,  and  a  tremendous  blast  was  near  the  point  of  its  explosion. 
We  had  scarcely  retraced  with  all  speed  our  steps  along  the  level, 
and  were  beginning  to  ascend  the  ladders,  than  the  full  volume  of 
the  thunder  reached  us,  and  seemed  to  shake  the  earth  itself  with  its 
ierrible  vibrations.” 
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th em^ a d^r i*r hS  -°f  Corn^aI1  are  very  numerous,  a.m  several  of 
n  Jar&e  and  nch  in  ore.  In  various  parts  of  this  county  the  earth 

mTssPy  lumps  oTman11  e*UberanCC  of  this  metal,  to  afford  it  in  large 

vi;z:^sst2:r’ several  piecesof  wMch  are6hewn 

Whfch  in  al!  agCS’  fam°US  f°r  itS  numerous  mines  of  tin, 

™Ca  •  general  very  large,  and  rich  in  ore.  This  ore  is  always 

the  greaterCnartnUies< 1fStratflUm’  W.hich  fhe  miaers  cal1  foods  and  this,  fir 
hard^tt  ^^  •  fp«nd  running  through  the  solid  substance  of  the 

Sev  n^oTeed  imf.nninffa"  ““i1  Vei"S  near  the  surface>  increasing  as 
ficafiJns  ThlP  i  a7C  dimensions,  branching  out  into  several  rami- 

so  thick  l0?dS’  °r  V/mS’  are  sometimes  white,  very  wide,  and 

thJn  t  k’  *  Iargf  luraPs  of  the  ore  are  frequently  drawn  up  of  more 
its  rich  a^r^8  The  miners  follow  the  load,  or  vein,  in  all 

T  pI  I  i  denng  curves  throuSh  the  bowels  of  the  flinty  earth, 
is  th»i ?r a 6  also  onmerous  lead-mines  in  Great  Britain,  among  which 
ah  a  “^kmgdale,  m  Yorkshire,  and  those  with  which  Shropshire 

fockhead  t:r  r:h  »f,i-arkshire- and  in  the 

ock-head,  Scotland,  two  lead-mines  yield  annually  above  two  thou¬ 
sand  tons  of  metal.  The  Susannah-vein,  Lead-hillsf  has  been  worked 
A^eadny*yearSJifnd  is  considered  as  the  richest  lead-mine  of  Europe 
a  iound  nft-1]"  hC  Caunt^  of  Antrim,  has  yielded  in  30  pounds  of  lead* 
f  Ver'  Another,  less  productive  of  silver,  was  found  at 

the  countTof  tTF  ^  SJigo’  in  Connau§ht;  and  a  third,  in 

tne  county  of  Tipperary,  30  miles  from  Limerick. 

•h'Ctoa  Hill,  in  Derbyshire,  a  valuable  copper-mine  was  disco- 

yCaJS  agu°’  and  has  since  been  worked  to  great  advantage 
f<»»-  hundred  and  fifty  feet  beneath  the  river  Do™  ii 
'r  «  *f.  deeP“?  “ine  in  Great  Britain.  On  the  opposite  .Me’ of 

nearlVio  t^  co7p^„erad'minC^ the  Tei"S  °f  which 

lSa  ra°rilinp  °rtanA  c°PP?r-mine  in  Britain  is  in  the  island  of  An- 
lesea,  called  Parys  Mountain.  It  was  discovered,  a  few  years  since 

tlfe  P^ptCfergMmaH  m  the '  neighbourhood,  who,  in  association  with 
&et  family,  has  realized  incredible  wealth  from  it.  The  ex- 

klZ?  th«hlU  isextremely  cude,  and  it  is  surrounded  by 

°nCl°  .r  e  ?h!te.  qUartz‘  The  ore  is  found  a  basin  or  hollow^ 
that  n3«de  °f  ?‘Cm  a  SmaH  lake’  whose  vapours  are  fatal  to  birds 
that  pass  over  it.-- Whatever  wealth  it  has  brought  to  the  proprietors 

‘t'TW  ,hf.  r1StiC  ?imPlici‘y  of  the  neighbourhood  i„Pto  a  po! 
pulation  having  all  the  vices  and  savage  appearance  of  persons  in 
these  unnatural  employments;  while  the  fumes  of  the  burning  piles  of 

ialw^terhlr  b  aSt?d  the  veSetation  in  every  direction.  The  adjoin- 
titfeT  1  i  S?  ImP.reSnated  with  the  metal,  and  yields  large  quan- 

in  blasting  the’rock."  t0"S  of  gunlJowder  are  employed  annually, 

A  bed  of  clay  has  also  been  discovered,  lying  over  the  copper  ore 
containing  lead,  and  a  considerable  portion  of  silver.  PP  ’ 

Wir°kp!51,TaiVeiJ  ri£h  copper-mine  was  wrought  in  the  county  of 

tYr  nf  «  ’/wand*  Fr°m  tblS  mine  ran  a  6tream  of  blue-coloured  wa- 
ter,  of  so  deleterious  a  nature  as  to  destroy  all  the  fish  in  the  river 

Arklow,  into  which  it  flowed.  One  of  the  workmen,  having  left  an 

ver  S  Thk  .in 'this  stream,  found  it  some  days  after  encrusted  with  cop- 

Lcertained  ^h^thfhi1116  R  SeneS  °f  exPeriments,  from  which  it  was 
ascertained  that  the  blue  water  contained  an  acid  holding  copper  in 

and  ihnAhhat  lr°n  bad  a  Str°nger  affinit?  for  the  acid  than  copper 
and  that  the  consequence  of  this  affinity  was  the  precipitation  of  the 

copper,  and  the  solution  of  the  iron,  when  pieces  of  that  metal  were 


S 


Salt  Mines  near  Cracow. 
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The  importance  of  the  manufacture  of  Cheshire  salt  is  sufficiently 
obvious  from  the  statement,  that,  besides  the  salt  made  for  home  con. 
sumption,  which  exceeds  16,000  tons,  the  average  quantity  sent  yearly 
So  Liverpool  for  exportation,  exceeds  150,000  tons.  J 

^  The  genera!  situation  of  rock-salt  in  Cheshire  is  very  similar  to 
that  of  the  Transylvanian  and  Polish  mines.  The  situation  of  the 
Austrian  salt-mines  near  Saltzburg  is,  however,  very  different.  The 
mineral  there  is  disposed  in  thick  beds,  which  occur  near  the  summits 
ot  limestone  hills,  at  a  great  elevation  above  the  adjoining  country. 

Ihe  lead-mines  of  Upper  Louisiana,  in  North  America,  have  for 
many  years  been  highly  productive.  That  called  Burton’s  mine  is  so 
ex  msuc,  tlmt  the  mineral  is  calculated  to  cover  two  thousand  acres 
ot  land.  In  other  mines,  in  the  vicinity  of  the  above,  the  lead  is 

nn;  in,/egular  vei?s’  from  two  t0  fotlr  feet  in  thickness,  containing 
about  fifty  ounces  of  silver  in  a  ton ;  but  at  the  depth  of  twenty-five 
reet  the  operations  are  impeded  by  water. 

Nor  to  the  surface  of  enliven’d  earth, 

Graceful  with  hills  and  dales,  and  leafy  woods, 

Her  liberal  tresses,  is  thy  force  confined: 

But  to  the  bowelled  cavern  darting  deep, 

.The  mineral  kinds  confess  thy  mighty  power. 

Effulgent,  hence  the  veiny  marble  shines; 

Hence  Labour  draws  his  tools;  hence  burnish’d  War 
Gleams  on  the  day ;  the  nobler  works  of  Peace 
Hence  bless  mankind,  and  generous  commerce  binds 
The  round  of  nations  in  a  golden  chain. 

The  following  are  the  principal  metals  and  their  cha¬ 
racteristics,  according  to  that  able  mineralogist  Mr 
John  Mawe. 

Platjna,  palladium,  iridium.  These  substances  generally  occur 
m  small  irregularly  formed  grains,  flat,  angular,  or  blunted,  having 
apparently  acquired  this  form  by  attrition;  rarely  crystallized  They 
are  found  with  granular  gold,  in  Peru,  Mexico,  and  Brazil/  When 
associated,  it  requires,  says  Mr.  Mawe,  a  well  accustomed  eye  to  dis¬ 
criminate  one  from  the  other,  platina  occurs  in  considerable  quan- 
tities,  and  sometimes  in  rough  lumps,  larger  than  a  pea.  It  resem¬ 
bles  silver  in  colour  ;  it  may  be  melted  with  arsenic,  and  is  soluble  in 
mtro-muriatic  acid:  when  pure,  it  is  the  heaviest  substance  known.— 

Or r.  1/  ;  purified,  23.  palladium  is  very  rare,  and  is  found  with 
I  iatina,  with  which  it  is  alloyed.  It  is  delicately  striated,  and  of  a 
lead  colour:  it  melts  with  sulphur. 

Iridium  is  extremely  rare,  and  occurs  with  the  preceding  in  small, 
flat,  foliated  grains,  ot  a  shining  steel  colour  :  it  is  alloyed  with  os¬ 
Gold  occurs  in  rounded  lumps  of  various  sizes;  also  disseminated 
in  quartz  and  ferruginous  substances,  but  generally  in  dust  of  a  yellow 
colour,  and  grains  of  irregular  forms.  It  is  also  found  crystallized  in 
cubes,  octohedrons,  and  many  other  forms,  as  well  as  foliated  rami¬ 
fied,  capillary,  reticulated,  &c.  It  is  very  generally  dispersed 
throughout  the  globe,  and  particularly  in  South  America  /also  in  Ire¬ 
land,  Scotland,  Cornwall,  Ac.  but  is  never  found  pure  in  its  natural 
state,  native  gold  is  of  a  pale  or  deep  yellow  colour,  and  sometimes 
tarnished,  according  as  it  is  less  or  more  alloyed  with  silver  or  cop- 
per.  It  is  always  ductile,  easily  melted,  and  does  not  change  colour  in 
intnc  acid.  Its  proper  solvent  is  nitro-muriatic  acid.— Sp.  Hr.  17  to  19 
silver  is  rarely  or  never  found  pure  ;  it  is  combined  with  many  of 
the  metals  (particularly  with  lead)  and  two  of  the  acids,  whiclfbe. 
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come  volatilized  by  a  continuance  of  the  heat  of  the  blow  pipe,  and  a 
bead  of  pure  silver  will  remain.  It  is  soluble  in  nitric  acid.  The 
mines  of  this  metal  are  very  numerous,  but  the  most  productive  are 
those  of  Mexico  and  Peru ;  it  is  met  with  in  Devonshire  and  Corn¬ 
wall,  and  has  been  found  in  Scotland.  It  is  also  extracted  from  lead. 
Its  colour  is  nearly  white,  but  is  subject  to  tarnish  resembling  copper, 
and  becomes  blackish.  It  is  ductile,  a  little  harder  than  lead,  and 
may  easily  be  known  by  being  soft  and  tough  to  the  knife. — Sp.  Gr.  10. 

Mercury  generally  occurs  in  a  fluid  state,  and  has  a  strong  silver 
white  lustre.  Its  presence  in  any  of  its  ores  may  be  easily  detected, 
by  heating  a  small  portion  under  a  gold  coin,  or  plate  of  polished  cop¬ 
per;  the  mercury  w  ill  be  volatilized  by  the  heat,  and  condensed  by 
the  cold  metal,  to  which  it  will  adhere  in  minute  globules.  The  ores 
of  mercury  are  confined  to  a  few  localities,  but  wherever  they  have 
been  found,  they  occur  in  great  abundance.  The  principal  mines  are 
situated  in  Almaden,  Deux-Ponts,  Idria,  and  £outh  America,  native 
mercury  occurs  in  minute  or  large  globules,  also  disseminated  in  cin¬ 
nabar,  clay-slate,  bituminous  schist,  sand-stone,  &c. — Sp.  Gr.  above  13. 

Copper  is  in  such  general  use,  that  it  is  unnecessary  to  describe  its 
appearance  or  colour.  It  is  easily  dissolved  in  nitric  acid,  to  which 
it  communicates  a  green  colour,  and  may  be  precipitated  in  a  metal¬ 
lic  state,  by  a  rod  of  iron.  The  ores  of  copper  are  very  numerous, 
and  are  found  in  almost  ail  parts  of  the  world,  particularly  in  Corn¬ 
wall  and  Chili.  When  alloyed  with  zinc,  it  forms  brass.  Silver  and 
gold  coin  are  debased  by  it,  and  of  jeweller’s  gold  it  often  forms  the 
greatest  proportion. 

Native  or  virgin  copper  occurs  massive,  disseminated,  and  crys¬ 
tallized,  and  in  a  variety  of  other  forms.  It  has  a  bright  or  dark  red 
colour,  as  it  is  less  or  more  tarnished.  It  is  extremely  ductile,  always 
Soft  to  the  knife,  and  if  scratched  exhibits  a  bright  metallic  lustre.  It 
is  found  in  great  abundance  in  the  mines  of  Cornwall,  as  well  as  in 
t ' Dili,  where  it  is  accompanied  by  a  small  portion  of  gold. — Sp.  Gr.  7. 

Copper  pyrites  occurs  in  great  abundance,  massive,  disseminated, 
stalactitic,  and  crystallized,  of  a  pale  yellow  colour.  It  is  harder 
and  more  difficult  to  melt  than  the  preceding,  but  is  easily  dissolved 
in  nitric  acid.  It  contains  from  nine  to  twenty-five  or  thirty  per  cent, 
of  copper,  with  iron,  sulphur,  and  sometimes  arsenic.  s 

Iron  is  so  generally  distributed,  that  there  are  but  few  substances 
into  which  it  does  not  enter,  or  associate  with.  It  is  found  in  all  coun¬ 
tries,  in  a  variety  of  forms,  and  of  dilierent  colours.  Its  presence 
may  in  general  be  detected  by  the  magnet,  especially  after  having  been 
exposed  to  the  flame  of  the  blow-pipe  or  a  red  heat,  native  iron  is 
said  to  have  been  met  w  ith  massive,  and  in  plates  of  a  grey  colour, 
with  a  granular  fracture,  soft  and  malleable.  Of  this  ore  there  are 
tw'o  varieties — Terrestrial  Native  Iron,  which  is  feebly  malleable,  and 
Meteoric  Native  Iron,  which  is  found  in  large  lumps,  and  coating  earthy 
substances,  of  a  rusty  brown  exterior.  Its  streak  has  a  shining  metal¬ 
lic  lustre,  and  j:he  fracture  exhibits  delicate,  bright  folioe.  These  va¬ 
rieties  are  strohgly  magnetic,  and  contain  nickel,  iron  pyrites  oc¬ 
curs  in  great  abundance,  massive,  crystallized,  &c.  It  is  brittle,  and 
hard  to  the  kfiife.  The  colour  is  of  various  shades  of  yellow,  tar¬ 
nished,  and  Sometimes  beautifully  irridescent. 

Iron,  the  ihost  truly  useful  of  all  metals,  presents  itself  abundantly, 
and  in  a  great  variety  of  forms.  In  a  native  state,  it  appears  to  con¬ 
sist  of  meteoric  iron,  or  that  which  has  descended  to  the  ground  in 
showers  of  stones.  These  masses  of  meteoric  iron  are  found  dispersed 
through  every  quarter  of  the  globe,  and  the  phenomenon  of  their  fall 
has  occurred  not  unfrequently  in  dilierent  parts  of  Europe. 
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A  mass  of  this  description  of  iron  was  discovered  in  the  district  of 
Santiago  del  Estero,  in  South  America,  by  a  party  of  Indians,  in  the 
midst  of  a  wide  extended  plain.  A  fibrous  kind  of  native  iron  has 
been  found  at  Eibenstock  in  Saxony,  and  also  in  Siberia,  where  one 
particular  mass  weighed  1600  pounds.  It  resembled  forged  iron  in  its 
composition,  and  was  malleable  when  cold,  but  brittle  when  red  hot. 

The  forms,  however,  in  which  iron  appears  most  extensively,  are 
the  different  species  of  pyrites,  of  iron-stone,  of  iron  ore,  the  chro¬ 
mate,  and  arseniate  of  iron.  The  most  extensive  iron-mines  in  the 
world  are  situated  in  Great  Britain  and  France,  in  the  form  of  clay 
iron-stone.  Sweden  contains  large  mines  of  magnetic  iron-stone. 
Extensive  iron-mines  are  also  found  in  Russia,  in  Germany,  particu¬ 
larly  in  Austria,  in  the  United  States  of  America,  and  in  Spain. 

^  Some  enormous  masses  of  native  iron  have  also  been  found  in  Bra¬ 
zil  ;  and  near  Lake  Superior  ;  all,  according  to^Sir  Richard  Phillips, 
so  many  accessions  to  our  planet  collected  as  it  flows  through  space 
in  its  annual  orbit. 

Natural  loadstone  is  an  oxide  of  iron,  massive,  compact,  earthy, 
and  strongly  magnetic.  Its  colour  is  black  or  brown.  v 

The  ores  of  manganese  present  great  diversity  in  external  charac¬ 
ters ;  but  its  presence  in  any  substance  may  easily  be  detected  by 
melting  it  with  borax  and  a  little  nitre,  which  will  form  a  violet  glass. 
It  is  much  used  in  the  arts,  particularly  in  bleaching,  in  making  glass* 
and  for  producing  oxygen  gas.  It  is  generally  combined  with  oxygen, 
and  more  rarely  with  sulphur,  and  carbonic  or  phosphoric  acids.  It 
occurs  in  great  abundance  in  Devonshire,  Cornwall,  Derbyshire,  and 
Scotland,  often  associated  with  ores  of  iron. 

Lead  is  one  of  the  most  abundant  of  metals,  and  occurs  in  large  and 
small  veins,  in  almost  every  rock  formation,  combined  with  sulphur, 
oxTgen?  a°d  many  of  the  acids,  and  generally  contains  silver.  The 
ores  of  lead  are  easily  reduced  by  the  blow-pipe,  and  dissolved  in  ni¬ 
tric  acid.  Its  uses  in  the  arts  are  numerous  and  well  known.  There 
are  many  mines  of  this  metal  in  England  ;  the  principal  are  situated 
in  Northumberland,  about  Alston  Moor;  Durham;  the  West  Riding 
of  Yorkshire;  Matlock,  and  throughout  the  Peak  in  Derbyshire,  De¬ 
vonshire  and  Cornwall  are  particularly  rich  in  silver. 

The  ores  of  zinc,  are  generally  found  associated  with  lead.  They 
are  combined  with  sulphur  and  oxygen,  and  with  carbonic  and  sulphu¬ 
ric  acids.  From  the  external  appearance  of  some  of  the  ores,  the 
presence  of  a  metal  would  not  be  suspected  ;  but  it  may  readily  be 
discovered  by  first  roasting  the  ore,  and  then  fusing  it  with  copper  fiL  ' 
ings,  with  which  it  will  form  brass: — this  is  one  of  the  uses  to  which 
this  metal  is  applied. 

Tin  contains  only  three  species  ;  its  localities  are  not  numerous,  but 
wherever  it  has  been  found,  it  occurs  in  abundance.  It  is  fused  with, 
difficulty,  sulphuret  of  tin  occurs  massive  and  disseminated  ;  its 
colour  approaches  steel-grey,  with  shades  of  yellow,  and  has  a  metal¬ 
lic  steel  lustre.  It  is  peculiar  to  Cornwall,  and  is  often  called  Belt - 
metal  Ore. 

Oxide  of  tin  is  found  massive,  disseminated,  and  crystallized,  als& 
in  rounded  lumps,  when  it  is  called  Stream  Tin  >  its  colour  is  dark 
brownish  black,  and  it  is  extremely  heavy.  Wood  Tin  occurs  in  small 
mammillated  masses,  has  a  diverging,  fibrous  structure  :  its  colour  va¬ 
ries  from  red  to  brown.  It  is  very  heavy,  and  occurs  in  alluvial  soil. 

Bismuth  is  not  in  great  abundance;  it  occurs  in  veins  with  silver, 
cobalt,  arsenic,  &c.  It  is  extremely  easy  effusion,  and  is  used  in 
making  pewter,  solder,  &c. 

Tellurium  has  only  been  found  in  Transylvania,  where  it  occurs  in 
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delicate  veins,  and  is  alloyed  with  gold,  silver,  &c.  Its  lustre  varies 
from  bright  to  that  of  tarnished  iron.  In  nitric  acid  it  forms  a  limpid 
solution,  and  easily  melts  before  the  blow-pipe,  emitting  a  peculiar 
pungent  odour.  f 

Antimony  is  found  in  veins,  and  generally  accompanied  by  blende. 
It  often  resembles  galena,  but  is  not  so  heavy  :  it  is  mineralized 
by  arsenic,  sulphur,  and  oxygen  ;  it  easily  melts,  and  discharges  thick 
white  vapours.  It  is  used  in  type-metal,  and  in  various  medicinal  pre¬ 
parations. 

The  ores  of  cobalt  are  found  in  primitive  and  alluvial  formations. 
Before  the  blow-pipe  it  emits  arsenical  vapours,  and  tinges  borax  in¬ 
tense  blue.  It  is  used  in  enamel  painting,  &c.  It  is  found  in  Corn¬ 
wall,  but  the  best  varieties  are  imported  from  Sweden  and  Saxony. 

Nickel  is  not  very  abundant.  It  is  found  in  combination  writh  me¬ 
teoric  iron,  and  associated  with  copper.  It  is  difficult  to  melt,  and 
emits  arsenical  fumes  ;  it  gives  a  green  colour  to  nitric  acid.  With 
copper  it  forms  Petit  Or. 

Arsenic  is  very  generally  diffused.  It  is  found  combined  with  sul¬ 
phur  and  oxygen,  and  often  enters  into  ores  of  other  metals,  which 
have  been  already  described.  The  odour  of  garlic,  which  it  emits  when 
struck  with  a  hammer,  or  heated  before  the  blow-pipe,  together  with 
its  rapid  volatilization,  distinguish  it  from  other  metallic  ores. 

Tungsten  is  found  combined  with  oxygen,  lime,  and  iron.  It  is  as¬ 
sociated  with  tin  in  primitive  rocks,  is  fusible  before  the  blow-pipe, 
and  iiearly  insoluble  in  the  acids.  It  is  extremely  heavy. 

Chrome  has  only  lately  been  found  in  the  state  of  an  oxide.  It  oc¬ 
curs  massive  or  earthy,  of  a  dull  green  colour.  It  is  with  difficulty 
reduced  to  a  metallic  state;  to  glass  it  communicates  a  bright  and  per¬ 
manent  green. 

Several  earthy  minerals  have  been  noticed  in  the 
Lecture  on  Precious  Stones  ;  but  it  may  be  proper  here 
to  notice  some  others. 

The  varieties  which  compose  the  clay  family  of  minerals  have  an 
earthy  fracture,  and  emit  an  argillaceous  smell  when  breathed  upon  ; 
they  are  never  found  in  any  regular  form  :  the  colours  are  dull. 

Common  clay — Loam ,  is  of  a  yellowish  grey  colour;  it  occurs  mas¬ 
sive,  and  sometimes  indurated;  it  is  an  alluvial  deposit;  it  adheres 
strongly  to  the  tongue. 

Potters'  Clay.  Its  colours  are  greyish  or  yellowish  white  ;  it  oc¬ 
curs  massive,  sometimes  slaty,  and  semi-indurated  ;  it  is  the  common 
clay  of  which  earthenware,  pipes,  &c-  are  made. 

Clay  slate.  Its  colours  are  various,  from  grey  to  black  or  red. 
It  occurs  massive,  and  is  frequently  traversed  by  delicate  veins  of  tin] 
With  the  common  variety  of  this  substance  houses  are  slated. 

Drawing  slate  is  of  a  black  colour;  it  occurs  massive  and  compact; 
it  is  used  for  crayons. 

Rotten  Stone ,  has  a  dull  brown  colour ;  it  occurs  earthy  and  friable  ; 
it  is  probably  a  decomposed  limestone,  or  alluvial  deposit. 

Porcelain  Earth  is  generally  of  a  white  colour;  it  occurs  massive 
and  compact ;  it  is  probably  a  deposit  of  decomposed  feldspar,  silica,  &c. 

Alum  Stone  is  of  various  colours,  generally  greyish  or  reddish  white; 
it  occurs  massive  and  porous ;  it  is  brittle,  and  is  found  in  volcanic 
craters. 

Slate  Clay.  Colour  approaching  black ;  it  occurs  massive,  and  has 
a  slaty  or  earthy  structure  ;  it  is  soon  decomposed.  It  generally  con¬ 
tains  vegetable  impressions. 
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The  principal  characteristic  of  the  mica  family,  is  its  foliated  and 
glistening  appearance,  sometimes  approaching  splendent ;  it  has  a  ten¬ 
dency  in  all  its  crystallizations  to  the  hexagonal  form;  it  is  difficultly 
fusible  before  the  blow-pipe. 

mica  is  of  various  colours,  but  generally  white,  grey,  brown,  or 
black  ;  it  occurs  massive,  disseminated,  and  crystallized  ;  it  is  easily 
divisible  into  the  finest  liminae,  which  are  perfectly  flexible. 

Among  the  soap-stone  family  are  native  magnesia,  of  a  whiteor 
greyish  white  colour ;  it  occurs  massive  ;  fracture,  foliated  or  ra¬ 
diated ;  it  is  soft,  and  adheres  slightly  to  the  tongue,  fullers’ earth 
has  a  greenish-grey  colour;  it  occurs  massive,  and  has  a  dull  earthy 
appearance  ;  it  falls  into  powder  in  w  ater ;  it  is  friable,  steatite, 
or  Soap-stone ,  has  a  mottled  soap-like  appearance  ;  it  occurs  massive, 
and  in  pseudo-morphous  crystals;  it  is  generally  soft,  sometimes  indu¬ 
rated,  and  has  a  greasy  feel. 

The  talc  family  presents  great  diversity  in  colour,  texture,  and 
geneial  appearance;  they  all  contain  a  large  portion  of  magnesia. 

Serpentine  has  a  dull  colour,  generally  green,  browm,  white,  or 
red,  often  intermixed  in  the  same  specimen  ;  it  occurs  massive  ;  it  fre¬ 
quently  contains  veins  of  asbestos,  and  some  varieties  have  so  large  a 
portion  of  iron  as  to  be  magnetic. 

*  Asbestos.  Its  colour  is  greenish-white  or  grey;  it  occurs  massive, 
in  delicate  veins,  and  frequently  disseminated  in  calcareous  spar, 
-quartz,  &c.  Amianthus  is  a  fine  variety  of  the  preceding,  and  has 
a  silky  lustre;  it  is  composed  of  delicate  flax-like  fibres.  Amian- 
thoide  has  an  olive-green  colour;  it  occurs  in  filaments,  accompanied 
by  carbonate  of  lime,  feldspar,  quartz,  &c.  It  is  flexible  and  elastic. 

The  Asbestos  is  so  named  because  of  its  not  perishing  in  fire.  The 
fibres  are  slightly  flexible,  and  often  form  stiff  and  brittle  needles,  in 
which,  however,  we  find  only  magnesia,  silica,  and  oxide  of  iron. 
Human  ingenuity  has  manufactured  this  mineral  into  paper  and  cloth, 
Ihe  Scythians  dressed  their  dead  bodies,  which  were  to  be  burned,  in 
a  cloth  manufactured  of  tins  stone.  The  Romans  also  enclosed  dead 
bodies  in  cloth  of  this  kind..  A  large  piece  of  asbestos  cloth  has 
»ern  found  in  a  tomb,  with  the  ashes  of  a  Roman.  Pliny  informs  us 
that  this  kind  of  cloth  was  as  much  valued  as  the  richest  pearls;  anti 
that  napkins  thereof  taken  from  table,  were  cleansed  in  the  fire  in¬ 
stead  of  washing.  The  Persians  make  wicks  of  it  for  their  perpetual 
lamps.  But  the  chief  use  of  the  asbestos  cloth  was  for  shrouds  at  ’ 
royal  funerals,  to  wrap  the  corpse  when  placed  on  the  pile,  and  so 
preserve  the  ashes  distinct  from  those  of  the  wood  which  formed  the 
funereal  pile. 

The  Amianthus •  has  a  silky  texture,  and  pearly  aspect.  Of  this 
mineral  the  ancients  made  their  incombustible  flax,  and  in  Russia 
they  still  knit  the  silky  amianthus  of  Mount  Oural.  It  is  found  in 
plates,  and  massive;  of  a  greenish  white,  and  also  of  a  blood-red  co¬ 
lour;  rather  greasy  to  the  touch;  and  melts  with  difficultv.  The 
Amianthoid ,  or  false  amianthus,  is  a  variety  ;  and  also  the  Fossil  Lea¬ 
ther,  found  in  the  iron-mines  of  Sweden,  of  a  whitish  colour,  and  of 
the  thickness  and  consistence  of  tanned  horse’s  skin. 

Lock  Coilc  has  a  greyish  or  cream-like  colour;  it  occurs  in  laminar 
masses,  with  a  porous  structure;  some  varieties  very  much  resemble 
leather.  Rock  Wood  has  generally  a  wood-browm  colour;  it  occurs 
massive  and  compact,  and  has  a  ligneous  appearance. 

Ihe  hornblende  family  contains  many  minerals  which  are  soft  to 
the  knife,  and  when  abraded  of  a  dull  greenish  hue. 

The  chrysolite  family  is  composed  of  substances  whose  general 
colour  is  green  or  black:  the  crystallizations  are  commonly  derived 
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from  the  four-sided  prism ;  they  have  a  foliated  structure,  and  gene¬ 
rally  a  vitreous  lustre. 

The  basalt  family,  containing,  1,  basalt,  has  a  dull  blackish  co¬ 
lour;  it  occurs  massive,  in  large  columnar  prisms.  2.  wacke  is  of  a 
grey  or  brown  colour ;  it  occurs  massive  and  vesicular.  3.  amygda¬ 
loid  is  a  variety  of  wacke,  having  the  cells  filled  with  zeolite,  green 
earth,  calcareous  spar,  &c.  4.  clink-stone  is  green  of  various 

shades;  it  occurs  massive  and  compact;  it  has  a  slaty  structure,  and 
rings  when  struck  with  a  hammer,  whence  its  name. 

The  formation  of  basaltes  has  produced  combinations  which  con¬ 
stitute  some  of  the  greatest  wonders  of  nature.  Thus,  in  Ireland  they 
produce  the  Giant's  Causeway,  a  vast  collection  of  basaltic  pillars  in 
the  vicinity  of  Ballimony,  in  the  county  of  Antrim,  Ireland.  The 
principal,  or  grand  causeway,  (there  being  several  less  considerable 
and  scattered  fragments  of  a  similar  nature,)  consists  of  an  irregular 
arrangement  of  many  hundred  thousands  of  columns,  formed  of  a  black 
rock,  nearly  as  hard  as  marble.  These  columns  are  of  an  unequal 
height  and  breadth:  several  of  the  most  elevated,  visible  above  the 
surface  of  the  strand,  and  at  the  foot  of  the  impending  angular  pre¬ 
cipice,  are  of  the  height  of  about  twenty  feet,  which  they  do  not  ex¬ 
ceed,  at  least  not  any  of  the  principal  arrangement. 

This  grand  arrangement  extends  nearly  two  hundred  yards,  as  it  is 
visible  at  low  water;  but  how  far  beyond  is  uncertain  :  from  its  de¬ 
clining  appearance,  however,  at  low  water,  it  is  probable  that  it  does 
not  reach  beneath  the  water  to  a  distance  equal  to  that  which  is  seen 
above.  The  breadth  of  the  principal  causeway,  which  runs  out  in 
one  continued  range  of  columns,  is  in  general  from  twenty  to  thirty 
feet :  in  some  parts  it  may,  for  a  short  distance,  be  nearly  forty. 

The  figure  of  these  columns  is,  with  few  exceptions,  pentagonal,  or 
composed  of  five  sides;  and  the  spectator  must  look  very  narrowly 
indeed  to  find  any  of  a  different  construction,  having  three,  four,  or 
six  sides.  There  are  not  two  columns  in  ten  thousand  to  be  found, 
which  either  have  their  sides  equal  among  themselves,  or  display  a 
like  figure.  J 

The  columns  or  pillars,  are  composed  of  several  short  lengths,  nicely 
joined,  and  articulated  into  each  other  like  a  ball  and  socket,  or  like 
the  joints  in  the  vertebrae  of  some  of  the  larger  kind  of  fish.  The 
length  of  these  particular  stones,  from  joint  to  joint,  is  various;  in 
general  from  eighteen  inches  to  two  feet  long ;  and,  for  the  greater 
part,  longer  towards  the  bottom  of  the  columns  than  nearer  the  top. 

Notwithstanding  the  general  dissimilitude  of  the  columns,  relatively 
to  their  figure  and  diameter,  they  are  so  arranged  and  combined  at  all 
the  points,  that  a  knife  can  scarcely  be  introduced  between  them 
either  at  the  sides  or  angles.  At  the  depth  of  ten  or  twelve  feet  from 
the  summit  of  the  cape  of  Bengore  the  rock  begins  to  assume  a  colum¬ 
nar  tendency,  and  forms  a  range  of  massy  pillars  of  basalt,  which 
stand  perpendicular  to  the  horizon,  presenting,  in  the  sharp  face  of 
the  promontory,  the  appearance  of  a  magnificent  gallery  or  colon¬ 
nade,  upwards  of  sixty  feet  in  height.  This  colonnade  is  supported  on 
a  solid  base  of  coarse,  black,  irregular  rock,  nearly  sixty  feet  thick 
abounding  in  blebs  and  air-holes ;  but,  though  comparatively  irregu¬ 
lar,  it  evidently  affects  a  peculiar  figure,  tending  in  many  places^ to 
run  into  regular  forms,  resembling  the  shooting  of  salts  and  many  other 
substances  during  a  hasty  crystallization.  Beneath  this  great  bed  of 
stone,  stands  a  second  range  of  pillars  from  forty  to  fifty  feet  hi°-h 
more  exactly  defined,  and  emulating,  in  the  neatness  of  its  columns’ 
those  of  the  Giant’s  Causeway.  This  lower  range  is  upborne  by  a’ 
layer  of  red  ochre  stone,  w  hich  serves  as  a  relief  to  shew  it  to  greater 
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advantage.  The  two  admirable  natural  galleries,  with  the  interjacent 
mass  of  irregular  rock,  form  a  perpendicular  height  of  one  hundred 
and  seventy  feet,  from  the  base  of  which  the  promontory,  covered 
With  rock  and  grass,  slopes  down  to  the  sea  a  considerable  space,  so 
as  to  give  an  additional  height  of  two  hundred  feet,  making  in  all 
nearly  four  hundred  feet  of  perpendicular  elevation,  and  presenting  a 
mass,  which  for  beauty  and  variety  of  colouring,  for  elegance  and 
novelty  of  arrangement,  and  for  the  extraordinary  magnitude  of  its 
objects,  cannot,  perhaps,  be  rivalled  by  any  thing  at  present  known. 

Near  Padua,  there  are  several  basaltic  columns,  similar  to  those  of 
the  Giant’s  Causeway,  although  less  magnificent  in  appearance. 

At  a  short  distance  is  another  basaltine  hill,  called  II  monte  del  Dia¬ 
volo ,  or  the  Devil’s  Hill,  along  the  sides  of  which  the  prismatic  co¬ 
lumns  are  arranged  in  an  oblique  position.  This  causeway  extends 
along  the  side  of  the  vale  beneath,  nearly  with  the  same  arrangement 
of  the  columns  as  is  displayed  on  the  hill.  The  length  of  the  columns 
of  the  Monte  del  Diavolo  cannot  be  ascertained,  as  they  present  their 
summits  only  to  the  view:  their  remaining  parts  are  deeply  buried  in 
the  hill,  and  in  some  places  entirely  covered. 

The  texture  and  quality  of  these  columns  are  not  less  different  than 
their  forms.  Those  of  the  Monte  del  Diavolo  present  a  smooth  sur¬ 
face,  and,  when  broken,  appear  within  of  a  dark  iron-grey  colour,  ma¬ 
nifesting  also  a  very  solid  and  uniform  texture  ;  in  which  characters 
they  correspond  with  the  columns  of  the  Giant’s  Causeway,  and  those 
of  most  other  basaltic  groups.  But  the  columns  of  Monte  Rosso  are 
in  these  respects  very  different,  they  having  not  only  a  very  rough,, 
and  sometimes  knotty,  surface,  but  displaying  likewise,  when  broken, 
a  variegated  colour  and  unequal  texture  of  parts.  They  are  com¬ 
monly  speckled,  more  or  less  distinctly,  and  resemble  an  inferior  sort 
of  granite,  of  which  Monte  Rosso  is  itself  formed,  and  which  serves  as 
a  base  to  the  range  of  columns  in  question. 

This  formation  extends  from  the  Giant’s  Causeway  to  the  opposite 
shores  of  Scotland,  and  includes  the  famous  island  of  Staffa  and  Fingal’s 
Cave,  already  described.  But  basalt  presents  other  forms,  and  proves 
that  it  once  was  liquid  by  a  vast  collection  of  curved  or  best  pillars, 
which  present  themselves  on  one  side  of  Staffa,  as  in  the  engraving.  , 
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The  limestone  family  are  universally  diffused.  Independently  of 
their  use  in  the  arts,  they  contribute  largely  to  the  fertility  of  the  soil; 
and  their  chemical  agencies  are  essentially  beneficial  to  animal  and 
vegetable  life  :  they  consist  of,  1.  tabular  spar,  a  greyish  white  co¬ 
lour;  occurs  massive  and  crystallized, foften  disseminated  in  Cinna¬ 
mon-stone  ;  it  is  hard  and  brittle ;  in  nitric  acid  it  effervesces  for  a 
moment,  and  then  granulates.  2.  slate  spar.  Its  colour  is  white  of 
various  shades  ;  occurs  massive  and  disseminated,  also  in  distinct  con¬ 
cretions,  and  lamellar ;  it  has  a  pearly  lustre,  and  slaty  fracture.  3. 
chalk.  Colour  is  snow-white;  occurs  massive  and  disseminated.  4. 
common  limestone.  Colour  grey;  occurs  massive  and  compact;  it 
burns  to  lime,  and  effervesces  in  acid.  5.  Oolite,  of  a  yellowish  brown 
colour  ;  occurs  massive,  composed  of  minute  globular  concretions,  re¬ 
sembling  the  roe  of  a  fish.  6.  Granular  Limestone  or  Marble ,  of  a  white 
colour,  and  occurs  massive;  it  is  much  used  in  the  arts  for  statuary,  &c. 
Tii  %ee  Marble,  of  a  flesh-red  colour  ;  it  often  contains  sahlite  and  tita¬ 
nium  imbedded  in  it.  7.  Mona  Marble  has  a  white  and  green  colour, 
and  much  resembles  verde  antique.  8.  Shell  Limestone  is  of  various 
colours,  generally  dark  ;  it  is  composed  of  fossil  shells.  9.  Fire  Mar¬ 
ble,  is  a  variety  of  the  preceding;  it  is  composed  of  shells,  which  have 
a  brilliant  opalescent  lustre.  10.  Coralloid  Limestone  is  generally  of  a 
dark  colour ;  it  is  found  massive,  and  composed  of  coi’als,  zoophites, 
&c. ;  some  varieties  much  resemble  madrepore.  11.  Calcareous  Spar. 
The  crystallizations  of  this  substance  far  exceed  those  of  any  other  ill 
number,  beauty,  and  complexity.  There  are  G50  varieties  arranged 
in  three  divisions,  arising,  1st,  from  the  acute  six-sided  pyramid  (pri¬ 
mitive  rhomb);  2d.  the  six-sided  prism  ;  and  3d.  the  three-sided  py¬ 
ramid;  and  so  beautiful  is  the  connexion,  that  the  termination  of  the 
third  series  gradually  approaches  the  first,  forming,  as  it  were,  a  com¬ 
plete  circle.  The  colour  is  generally  yellowish  white ;  the  transpa¬ 
rent  variety  exhibits  double  refraction.  12.  Fibrous  Limestone — Satin 
Spar,  is  snow-white  ;  it  occurs  massive  and  compact,  composed  of  short 
aggregated  fibres ;  it  is  often  associated  with  pyrites.  13.  Stalactite 
has  a  white,  yellowy  green,  or  brown  colour;  it  occurs  massive,  bo- 
try  oidal,  reniform,  &c.  it  is  formed  by  precipitation,  and  hangs  like 
icicles  from  the  roofs  of  caverns.  14.  Black  Marble .  Its  colour  is 
intense  black  ;  it  is  capable  of  receiving  a  very  high  polish,  and  is  in 
much  estimation  for  vases,  chimney-pieces,  &c.  15.  marl  is  of  va¬ 

rious  colours,  generally  greyish-white  ;  it  occurs  massive,  and  fre¬ 
quently  contains  impressions  of  fish  and  dendritic  appearances.  16. 
arragonite.  Its  colours  are  white,  yellow,  or  grey  ;  it  occurs  mas¬ 
sive,  crystallized,  arborescent,  and  stalactitic,  with  a  fibrous  structure, 
and  pearly  lustre;  it  is  sometimes  imbedded  in  granular  gypsum. 

Of  marbles,  there  are  so  many  diversities,  that  no  mineral  affords 
more,  nor  has  more  attracted  the  attention  of  mankind. 

Tables  of  elastic  marble  are  an  extraordinary  species  of  fossil. 
Being  set  on  end,  they  undulate  backward  and  forward;  when  laid 
horizontally,  and  raised  at  one  end,  they  form  a  curve,  beginning  to¬ 
wards  the  middle  ;  but  if  placed  on  a  table,  with  any  thing  laid  under 
them,  they  make  a  salient  curve,  and  both  ends  touch  the  table.  Dr. 
Mitchell,  of  New  York,  has  a  specimen  of  American  elastic  marble, 

5  feet  long,  22  inches  broad,  and  2  inches  thick;  making  a  mass 
of  2640  cubic  inches.  When  shaken  it  undulates  to  and  fro  :  when 
the  extremities  are  supported,  the  middle  forms  a  curve  of  about  2 
inches,  from  an  horizontal  line;  and  when  turned  over,  it  recovers 
and  inclines  as  much  the  other  way.  Many  beautiful  varieties  of 
marble,  are  found  in  the  British  islands. 
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The  substances  of  the  fluor  family  are  composed  of  fluoric  acid 
and  lime ;  when  powdered  and  digested  with  sulphuric  acid,  the  fluo¬ 
ric  acid  escapes  in  the  form  of  gas.  By  means  of  this  acid  the  beau¬ 
tiful  operation  of  etching  upon  glass  is  performed.  It  decrepitates  on 
the  application  of  heat,  and  becomes  phosphorescent  when  thrown  on 
hot  coals. 

1.  compact  fluor  has  a  blueish-grey,  or  greenish-white  colour ;  it 
is  found  massive,  and  gives  a  white  streak  with  the  knife  ;  it  is  of  rare 
occurrence.  2.  earthy  fluor.  Its  colour  is  light  purple  or  deep 
blue;  it  occurs  massive,  and  coating  the  other  varieties;  it  is  very 
friable  and  sometimes  striated.  3.  argillaceous  fluor  is  of  a  brown 
colour:  it  occurs  in  small  detached  cubes,  and  is  generally  found  in 
decomposed  amygdaloid. 

The  gypsum  family,  when  calcined,  forms  plaster  of  Paris;  the 
translucent  varieties  become  opaque  in  the  flame  of  a  candle. 

In  the  baryte  family  there  are  but  two  species.  Carbonate  and 
Sulphate  of  Barytes  are  distinguished  from  other  earthy  substances  by 
their  great  weight. 

The  inflammable  minerals  are  native  sulphur,  which  has  a  bright 
yellow  colour;  it  occurs  massive,  disseminated,  and  crystallized;  the 
finest  varieties  are  from  Coneil  in  Spain:  and  volcanic  sulphur,  colour 
yellow,  of  various  shades;  it  occurs  stalactitic,  spongeous,  and  granu¬ 
lar;  also  in  aggregated  crystals. 

The  bituminous  family  consists  of  naptha.  It  is  composed  of 
carbon,  hydrogen,  and  oxygen  ;  it  takes  fire  at  the  approach  of  flame. 
petrolium  is  reddish  or  blackish  brown;  it  is  thick,  floats  on  the.  wa¬ 
ter,  and  may  be  seen  oozing  from  various  strata.  It  is  sometimes  pre¬ 
cipitated  on  limestone.  And  elastic  bitumen.  Colour  blackish, 
greenish, and  yellowish  brown;  it  occurs  massive,  filling  holes  in  lime¬ 
stone  ;  it  is  peculiar  to  Castleton,  Derbyshire. 

The  coal  family  has  been  previously  noticed. 

Compact  plumbago  is  used  for  pencils,  crayons,  &c.  It  is  know  n 
better  by  the  name  of  black  lead. 

The  resin  family  are,  amber.  Colour,  yellow,  or  yellowish  white, 
and  reddish;  it  occurs  in  rounded  pieces,  with  a  rough  exterior,  some¬ 
times  decomposed.  It  is  found  on  the  Norfolk  coast.  The  variety 
from  Mozambique  often  envelops  insects. 

Honey  stone  has  a  yellow  colour;  it  occurs  imbedded  in  grains, 
or  crystallized  in  flat  octahedrons  in  brown  or  wood  coal,  and  is  very 
rare. 

Retin  asphalt.  Colours,  yellowish  and  reddish  brown  ;  it  occurs 
massive  ;  it  burns  with  a  fragrant  odour.  It  contains  resin  55,  as¬ 
phalt  42. 

Fossil  copal.  Its  colour  is  yellow  or  brow  n  ;  it  occurs  in  rounded 
pieces,  and  it  appears  to  be  a  variety  of  retin  asphalt,  but  approaches 
more  nearly  to  gum  ;  it  has  sometimes  a  resinous  lustre. 

The  earthy  salts  are,  native  alum.  It  has  a  w  hite  colour,  and  oc¬ 
curs  stalactitic,  efflorescent,  and  in  capillary  crystals.  It  contains 
alumina,  18,  oxide  of  iron  from  5  to  10,  with  sulphuric  acid  and  water. 
epsom  salt  is  white  of  various  shades;  it  occurs  massive  and  tube¬ 
rose  ;  it  contains  sulphuric  acid  S3,  magnesia  19,  and  water. 

The  TREATMENT  of  the  ORES,  the  REDUCTION  of 
METALS,  and  the  processes  for  refining  them,  have  been 
for  ages  conducted  with  perfection,  but  are  operations 
of  labour  and  difficulty.  All  the  ores  are  much  mixed 
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with  earthy  matter,  even  after  washing.  Volatile  sub¬ 
stances  enter  in  most  cases  into  the  composition  of  the 
ores,  as  sulphur,  arsenic,  and  carbonic  acid;  and  other 
substances  also  are  found  combined  with  the  metals, 
which  cannot  like  them  be  simply  evaporated,  but  must 
be  first  separated  by  the  addition  of  other  bodies  with 
which  they  combine. 

The  working  of  gold  and  silver  mines  is  the  tomb  of 
the  greater  part  of  those  who  labour  in  them.  It  destroys 
all  the  social  and  domestic  virtues ;  supports  debauchery 
and  dissipation,  with  all  the  vices  that  follow  in  their 
train;  and  creates  poverty  and  vagrancy,  disgorging  into 
society  the  exhausted  and  worn-out  workmen. 

The  processes  which  are  employed  are,  calcination 
or  roasting,  fusion  or  melting,  and  refining,  which  ope¬ 
rations  require  the  application  of  heat;  and  in  most  of 
them  it  is  urged  to  great  intensity. 

The  furnaces  employed  are  of  two  classes: — Blast 
furnaces,  where  the  fire  is  excited  by  the  use  of  bel¬ 
lows  or  air  cylinders  constantly  working;  and  air  fur¬ 
naces,  where  the  effect  is  produced  by  strong  draught, 
occasioned  by  the  height  or  construction  of  the  stacks 
or  chimneys.  Calcination  of  copper,  lead,  and  tin  ores 
is  performed  in  reverberatory  furnaces,  at  a  moderate 
red  heat.  In  copper  works,  each  furnace  contains  full 
three  tons  of  raw  ores,  which  are  frequently  turned,  to 
expose  fresh  surfaces,  for  twelve  hours.  Lead  ores 
are  treated  in  the  same  manner,  in  the  same  furnace 
often,  which  with  a  higher  heat  is  used  to  melt  them, 
and  the  charge  seldom  exceeds  a  ton. 

Tin  ores  are  roasted  or  calcined,  principally  to  alter 
the  specific  gravity  of  the  pyrites  with  which  they  are 
mixed,  which  thus  is  separated  by  subsequent  dressing 
or  washing.  Iron  ores  are  roasted  to  free  them  from 
the  sulphur;  the  ore  is  stratified  with  refuse  coal,  and 
burnt  in  large  heaps  in  the  open  air. 

The  fusion  of  copper  ores  is  conducted  in  reverbera¬ 
tory  furnaces  at  a  high  degree  of  heat,  and  the  slag  is 
raked  off  in  a  fluid  state.  Lead  and  tin  ores  are 
treated  in  nearly  a  similar  manner.  Iron  smelting  is 
carried  on  in  blast  furnaces  of  very  large  dimensions,  in 
which  coke  is  employed  as  fuel,  and  limestone  is  used 
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as  a  flux.  Copper  of  the  first  flowing  is  in  part  com¬ 
bined  with  sulphur,  so  as  to  require  subsequent  cal¬ 
cinations  and  repeated  fusions  before  it  comes  to  the 
refining  process. 

The  mode  of  extracting  the  precious  metals  most 
in  use  in  Hungary  and  other  parts  of  Germany,  as 
well  as  in  all  the  American  mines,  is  that  of  amal¬ 
gamation  of  the  ores  with  mercury.  By  this  process 
the  gold  or  silver  is  dissolved  by  the  mercury,  and 
separated  from  the  earthy  mixture,  and  also  from  the 
baser  metals  which  do  not  so  readily  combine  with 
the  mercury.  Subsequent  distillation  then  separates 
and  preserves  the  mercury,  and  the  gold  or  silver  is 
refined  in  the  usual  way. 

The  most  important  metals  produced  in  Great  Britain  are  :  Iron, 


Copper,  Lead,  Tin. 

The  manufacture  of  iron  may  be  computed  at  per  annum. 

TV" a^es  . . . . . .  150,000  tons. 

Shropshire  and  Staffordshire .  180,000 

Yorkshire  and  Derbyshire  . . .  50,000 

Scotland  and  other  places  . .  20,000 


V  at  £5  per  ton.  400,000 


The  quantity  of  copper  raised  in  1822,  was  about  10,000  tons, 
(which,  however,  was  less  by  near  1000  tons  than  the  preceding  year,) 
of  which,  about  8000  tons  are  produced  in  Cornwall ;  the  value  of 
which,  in  its  unmanufactured  state,  is  about  one  million. 

The  lead  of  Great  Britain  amounts  to  from  30  to  32,000  tons,  worth 
£25  per  ton. 

Tin  is  only  found  in  Cornwall  and  Devon,  and  the  quantity  fluctu¬ 
ates  from  2800  to  5000  tons  in  the  year ;  the  whole  value  is  about 
.£400,000. 

Mineral  waters  are  divided  into  four  classes,  the 
acidulous,  the  sulphureous,  the  chalybeate,  and  the  sa¬ 
line. 

Acidulous  waters  are  those  which  contain  carbonic  acid  in  its  free  state, 
or  in  combination  in  excess  with  a  base.  These  waters  are  easily  dis¬ 
tinguished  by  their  slightly  acid  taste,  and  by  their  sparkling  when 
poured  from  one  vessel  to  another ;  both  of  which  properties  they  lose, 
when  exposed  to  the  air  for  a  length  of  time,  or  by  boiling.  Besides 
carbonic  acid,  they  almost  always  contain  muriate  of  soda,  and  some 
of  the  earthy  carbonates ;  it  is  the  free  carbonic  acid,  however,  that 
imparts  to  them  their  particular  properties. 

Sulphureous  waters  are  those  which  contain  sulphuretted  hydrogen. 
These  are  very  easily  distinguished  by  their  odour,  and  by  their  ren¬ 
dering  a  solution  of  a  salt  of  lead  black,  or  by  causing  a  piece  of  silver, 
when  immersed  in  them,  to  acquire  a  dark  colour.  Besides  sulphu¬ 
retted  hydrogen,  they  in  general  contain  alkaline  and  earthy  sulphates 
and  muriates.  The  sulphureous  waters  may  be  subdivided  into  two 
kinds;  1st.  Those  which  have  sulphuretted  hydrogen  in  its  free  state : 
2d.  Those  in  which  it  exists  in  union  with  an  alkali  or  an  earth. 
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Chalybeate  waters  are  those  which  have  iron  as  an  ingredient.  These 
are  known  by  their  peculiar  taste,  and  by  their  becoming  black  when 
mixed  with  an  infusion  of  nutgalls.  The  chalybeate  waters  are  of  dif¬ 
ferent  kinds;  sometimes  the  iron  is  combined  with  sulphuric  acid, more 
frequently  it  is  in  union  with  carbonic  acid;  this  may  be  just  in  suffi¬ 
cient  quantity  to  hold  the  iron  in  solution,  or  it  may  be  in  excess;  in 
which  case,  besides  chalybeate,  the  water  possesses  acid  properties, 
forming  what  is  called  an  acidulous  chalybeate  water. 

Saline  waters  are  those  which  contain  the  saline  ingredients  gene¬ 
rally  found  in  mineral  waters,  but  which  have  not  carbonic  acid  in  ex¬ 
cess,  and  are  free  from  sulphuretted  hydrogen  and  iron,  or  contain 
them  in  very  trifling  quantity.  Saline  waters  may  be  subdivided  into 
four  kinds.  Alkaline  waters ,  or  those  which  contain  alkali  in  its  free 
state,  or  combined  with  carbonic  acid,  and  which  render  the  vegetable 
blues  green.  Hard  waters,  or  those  wffiich  contain  carbonate  or  sul¬ 
phate  of  lime.  Salt  waters ,  or  those  in  which  muriate  of  soda  abounds. 
Purgative  waters ,  or  those  which  contain  principally  sulphate  of  mag¬ 
nesia. 


LECTURE  XXIX. 

EXTRANEOUS  FOSSILS,  OR  ORGANIC  REMAINS. 

There  are  more  things  in  heaven  and  earth 

Than  are  dreamt  of  in  our  philosophy.  Shakspeare.  . 

Fossil  remains,  sometimes  called  Organic  Re¬ 
mains,  are  the  remains  of  vegetables  and  animals, 
which  have  been  involved  within  earthy  aggregates 
during  the  changes  of  position  and  composition,  to 
which  they  have  been  subject,  in  the  progress  of  time, 
from  the  action  of  water  and  air,  and  from  their  mutual 
actions  on  each  other. 

Animals,  fishes,  and  vegetables,  are  found  beneath 
the  surface,  every  where  and  at  all  depths#  Sometimes 
in  loose  soil,  at  other  times  lying  in  strata,  and  fre^ 
quently  imbedded  in  solid  rocks.  They  afford  palpable 
evidence  that  the  whole  surface  of  the  earth  has  been 
overturned  and  mingled*  destroyed  in  one  form,  and 
renewed  in  the  present  form.  Their  successive  layers 
prove  also  that  these  overturnings  have  occurred  in 
various  ages,  remote  from  one  another,  and  possibly  as 
remote  from  each  other,  as  the  last  overturning  has 
been  from  the  age  in  which  we  live%  Their  exotic 
characters,  too,  in  every  country,  prove  that  the  cli¬ 
mates,  or  the  relative  positions  of  the  earth’s  surface  to 
the  sun,  have  also  been  changed;  and,  in  a  word,  that 
revolutions  of  all  kinds  have  taken  place,  in  regard  to 
our  planet,  in  ages  too  remote  for  record. 
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When  fossil  organic  remains  first  engaged  the  parti¬ 
cular  attention  of  naturalists,  it  was  believed  that  they 
were  irregularly  distributed  throughout  the  different 
formations  of  which  the  crust  of  the  earth  is  composed, 
and  that  the  whole  had  been  deposited  from  the  waters 
of  the  Deluge.  It  was  soon,  however,  ascertained, 
that  some  rock  formations  never  contain  petrifactions; 
a  fact  which  gave  rise  to  the  opinion,  that  fossil  or¬ 
ganic  remains  were  confined  to  one  set  of  rocks,  the 
secondary,  in  which  they  were  jumbled  together  in  an 
irregular  manner,  while  they  were  entirely  wanting  in 
the  formations  of  the  primitive  class.  The  more  accurate 
investigations  ofgeologists,  particularly  those  of  theschool 
of  Werner,  have  not  only  proved  the  insufficiency  of  for¬ 
mer  views,  but  given  a  new  character  to  the  whole  subject. 

It  has  been  shown  by  these  inquiries,  1.  That 
petrifactions,  or  fossil  organic  remains,  do  not  occur  in 
primitive  locks,  but  first  appear  in  rocks  of  the  second, 
or  Tiansition  class.  2.  That  these  organic  remains  are, 
in  general,  more  altered,  or  mineralized,  in  the  older 
than  in  the  newer  formations;  so  that  they  appear  much 
changed  in  transition  rocks,  and  scarcely  at  all  altered 
in  the  rocks  of  the  newest,  or  alluvial  class.  3.  That 
these  remains  are  so  arranged  under  the  surface  of  the 
earth,  that  those  of  the  more  simple  animals  and  plants 
appear  first,  or  in  the  oldest  rocks;  while  in  rocks  of  a 
middle  age,  the  remains  are  of  animals  higher  in  the 
zoological  and  botanical  scales;  and  in  the  newest 
rocks,  the  fossil  organic  remains  are  of  the  more  per¬ 
fect  animals,  reaching  even  to  man.  4.  That  the  fos¬ 
sil  organic  remains  in  transition,  secondary,  and  dilu¬ 
vial  foj  mationSj  are  in  general  different  from  those  of 
the  present  creation;  but  that,  in  post-diluvial  forma¬ 
tions,  the  remains  are  of  recent  species  of  animals  and 
vegetables.  5.  And  lastly,  that  although  these  fossil 
animals  and  plants,  in  general,  differ  from  those  of  the 
present  world,  we  observe  that  they  approach  nearer 
and  nearer,  in  appearance,  to  those  of  the  recent  tribes, 
the  newer  are  the  formations  in  which  they  are  found ; 
so  that,  in  the  latest  formations  there  is  an  absolute 
identity  of  character,  proving  that  the  fossil  species 
are  the  same  as  those  now  existing. 

The  primitive  rocks,  as  already  mentioned,  appear 
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to  have  been  formed  before  the  organic  varieties  were 
called  into  existence ;  because  they  contain  neither 
animal  nor  vegetable  remains.  It  is  in  the  transition 
rocks  that  organic  remains  first  make  their  appearance; 
showing,  that  at  their  formation,  and  not  earlier,  ani¬ 
mals  and  vegetables  began  to  exist;  and  thus  nearly 
establishing  one  of  the  most  remarkable  and  striking 
facts  in  the  whole  range  of  geological  science.  For  a 
long  period,  the  organic  productions  of  the  earth  ap¬ 
pear  to  have  been  principally  marine;  as  in  all  the 
formations,  extending  from  the  transition  class  to  the 
chalk,  inclusive,  corals,  shells,  encrinites,  echinites, 
fishes,  and  marine  oviparous  quadrupeds,  are  the  pre¬ 
dominating  fossil  animals;  and  hence  the  different 
rocks  of  those  formations  must  have  been  formed  under 
the  waters  of  the  ocean.  But  the  strata  of  the  coal 
formation  contain,  besides  marine  organic  remains,  land 
plants  and  land  shells ;  and  the  bituminous  marl  slate, 
principally  fresh  water  fishes;  facts  which  lead  to  the 
conclusion,  that  fresh,  or  land-water,  was  concerned  in 
their  formation.  The  formations  extending  from  chalk 
to  the  alluvial  series,  from  their  containing  abundant 
remains  of  both  marine  and  fresh  water  animals,  show 
that  the  waters  of  the  land  and  the  ocean  assisted  in 
the  formation  of  these  rocks.  And  lastly,  from  the  dilu¬ 
vial  formations  containing  the  remains  of  so  many  ex¬ 
tinct  quadrupeds,  &c.,  we  have  sufficient  evidence  of 
their  formation  in  the  action  of  the  waters  of  the  ocean, 
while  the  post-diluvial  clays,  sands,  and  gravels,  with 
their  fossil  remains  of  known  plants  and  animals,  are 
formations  daily  taking  place  upon  the  land,  and  under 
the  sea. 

Not  long  after  the  commencement  of  the  Christian 
era,  attempts  were  made,  say  the  Editors  of  the  En¬ 
cyclopaedia  Britannica,  to  connect  these  phenomena 
with  the  Deluge  of  Noah;  and  in  the  writings  of  Ter- 
tullian,  there  are  passages  that  refer  to  this  supposed 
connexion.  But  the  non-occurrence  of  the  remains  of 
man  along  with  those  of  other  animals  is  considered  as 
inimical  to  this  opinion,  and  it  is  nearly  abandoned. 
Another  speculation  was  soon  started  in  its  place,  by 
which  it  was  attempted  to  show  that  these  remain^ 
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were  not  truly  organic,  but  merely  efforts  of  Nature  to 
produce  organic  beings;  and,  therefore,  that  these  bo¬ 
dies,  although  exhibiting  the  organic  form,  had  never 
been  animated.  This  fancy  was  combated  by  the  sup¬ 
porters  of  the  diluvian  hypothesis,  and  the  result  was, 
the  addition  of  many  new  facts,  and  the  total  abandon¬ 
ment  of  both  hypotheses. 

Fossil  organic  remains  occur  either  unchanged,  or 
more  or  less  altered  from  their  original  state  or  condi¬ 
tion,  by  the  removal  of  some  of  their  constituent  parts, 
their  bitumenization,  or  owing  to  impregnation  with 
various  mineral  substances.  Shells,  bones,  teeth,  ve¬ 
getables,  of  various  descriptions,  in  some  alluvial  soils, 
are  scarcely  at  all  altered,  and  remains  of  quadrupeds 
have  ,  been  found  well  preserved  in  ice  in  polar  coun¬ 
tries;  and  in  peat-mosses,  human  bodies  remain  uncor¬ 
rupted  for  a  long  series  of  years.  Shells  are  some¬ 
times  found  in  a  nearly  unaltered  state  in  solid  rocks, 
as  limestone.  The  beautiful  fire  marble  of  Carinthia 
contains  unaltered  shells  of  ammonite,  with  their  pearly 
lustre,  and  rich  tints  of  the  most  beautiful  colours* 
Shells  and  bones  occur  in  other  alluvial  strata,  more  or 
less  bleached,  being  dry  and  fragile,  owing  to  the  re¬ 
moval  of  a  portion  of  their  animal  matter.  In  fossil 
fishes,  sometimes  not  only  the  bones,  but  also  the  soft 
parts,  and  even  the  scales,  occur  more  or  less  perfectly 
preserved.  Fossil  vegetables  occur,  either  nearly  un¬ 
altered,  or  more  or  less  bitumenized  or  carbonized,  in 
alluvial  strata,  also  in  the  brown- coal  formation,  and  in 
some  sandstones.  In  other  cases,  the  animals  or  vege¬ 
tables  have  disappeared,  and  only  their  casts,  or  im¬ 
pressions,  remain  to  attest  their  former  presence. 
This  change  is  more  frequent  with  vegetables  than  ani¬ 
mals.  In  particular  situations,  the  organic  body,  whe¬ 
ther  plant  or  animal,  is  simply  coated,  or  incrusted, 
with  the  mineral  matter,  and  but  slightly  impregnated 
with  it.  The  incrusting  matter  is  most  frequently  calc 
tuff  and  calc  sinter,  less  frequently  volcanic  tuff.  But 
the  most  durable  state  of  fossil  organic  remains  is  the 
petrified,  when  they  are  more  or  less  completely  im¬ 
pregnated  with  mineral  matter. 

Fossil  seeds  and  fruits  of  plants  occur  in  -different 
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formations,  but  usually  in  such  a  state  as  renders  it 
nearly  impossible  to  determine  the  tribes  to  which  they 
belong.  Faujas  St.  Fond  found  fossil  fruits  in  the 
brown  coal  of  Liblar,  which,  he  said,  bore  a  stiong 
resemblance  to  areca  nuts ;  an  opinion  in  which  he  was 
not  supported  by  the  after  examination  of  Jussieu, 
Desfontaines,  Lamarck,  and.  Thouin.  They  probably 
belong  to  some  palm.  The  fossil  seeds  that  occur  in 
bituminous  wood,  in  which  amber  ajso  is  found,  cannot 
be  referred  to  any  known  plants.  In  the  Island  oi 
Sheppey  there  are  accumulations  of  seeds,  some  of 
which  are  like  those  of  the  palm,  others  the  chesnut,  and 
cocoa,  but  none  identical  with  any  of  these. 

Trunks,  branches,  and  roots  of  trees,  occur  in  rocks 
of  different  kinds,  or  even  loose,  more  or  less  impreg¬ 
nated  or  petrified  with  mineral  matter.  I  he  structuie 
and  external  form  are  sometimes  well  preserved,  and 
in  other  cases  both  are  nearly  obliterated.  Hitherto  no 
accurate  descriptions  have  been  published  of  the  inter¬ 
nal  structure  of  these  petrifactions,  and  consequently  Uie 
names  given  to  them  are  not  to  be  depended  on.  Inus 
it  is  said  that  oak,  birch,  pine,  box,  elm,  willow,  hazel, 
ash,  occur  petrified  in  the  form  of  wood-stone  and 
wood-opal ;  but  our  own  experience  does  not  go  to  con¬ 
firm  these  determinations. 

Trunks,  branches,  and  roots  of  trees  and  shrubs,  are 
sometimes  impregnated  with  hornstone,  forming  what 
is  called  wood-stone,  or  ligneous  hornstone,  and  this  is 
one  of  the  most  frequent  of  the  petrified  woods.  The 
wood  appears,  in  some  cases,  to  have  been  in  a  rotten 
state  when  petrified,  and  such  varieties  appear  light 
coloured  and  shivery;  in  other  cases,  it  appears  first  to 
have  been  bitumenized,  so  that  it  is  both  bituminous 
and  siliceous  together,  in  which  case  it  is  of  a  dark 
brown  or  black  colour,  and  of  a  more  compact  texture. 
There  are  several  specimens  to  show  the  combination 
of  siliceous  matter  and  bituminoUvS  wood  in  its  different 
stages  of  bitumenization.  Lastly,  in  other  cases,  the 
wood  appears  to  have  undergone  no  change,  and  then, 
the  wood,  or  at  least  part  of  the  ligneous  matter,  re¬ 
mains  in  the  petrifaction,  while,  in  others,  the  whole 
has  disappeared,  leaving  nothing  but  its  form  behind. 
It  is  probable,  however,  that  many  wood -stones,  in  col- 
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lections,  are  not  real  petrifactions,  but  portions  of  trees 
m  which  a  great  secretion  of  silica  has  taken  place. 

n  some  cases  the  wood  is  petrified  with  calcedony, 
and  in'  others  with  jasper;  the  first  has  usually  a  yel- 
“  white  colour,  and  resembles  decayed  wood, 
while  the  latter  exhibits  great  variety  of  colours.  In 
some  rare  varieties  of  heliotrope  a  fibrous  and  probably 
vegetable  structure  occurs. 

The  remains  of  quadrupeds,  birds,  and  amphibious 
animals,  are  seldom  impregnated  with  mineral  matter, 
and  when  this  takes  place,  it  is  generally  their  harder 
parts  which  are  petrified.  The  horns  of  deer  are 
sometimes  impregnated  with  clay  iron  ore,  and  bones 
ot  quadrupeds  occur  penetrated  with  lead-glance  and 
iron  pyrites,  and  have  superimposed  crystals  of  the 
same  minerals.  The  fossil  fishes  in  the  bituminous 
marl  slate  off  Thuringia  are  often  entirely  bitumenized, 
and,  according  to  Werner,  the  bituminous  impregna¬ 
tion  of  the  slate  is  derived  from  these  fishes.  Some¬ 
times  the  fishes  in  the  marl  slate  are  also  impregnated 
with  copper  pyrites,  and  also  with  lead-glance  and  iron 
pyrites.  Crustaceous  animals  are  petrified  with  calca¬ 
reous  spar,  or  with  iron  pyrites.  The  Echini,  or  Sea 
Urchins,  are  petrified  with  calcareous  spar,  with  flint, 
and  seldom  with  iron  pyrites.  The  various  tribes  of 
shells  and  corals  are  often  petrified  with  calcareous 
spar,  less  frequently  with  clay  iron  ore,  and  rarely  with 
flint  or  calcedony,  and  with  sulphur.  And  lastly,  the 
Alcyonia  and  Sponges,  the  lowest  of  the  animal  world 
met  with  in  a  fossil  state,  are  usually  penetrated  or  im¬ 
pregnated  with  flint. 

tossil  remains  of  fishes  occur  in  considerable  abund¬ 
ance  in  formations  of  particular  descriptions,  but  hi¬ 
therto,  owing  to  the  difficulties  attending  the  investiga¬ 
tion,  the  determination  of  the  genera  and  species  has 
been  tar  from  satisfactory.  Even  the  attempts  that 
have  been  made  to  divide  these  fossil  fishes  into  fresh 
and  salt  water  species  have  failed.  The  fish,  in  some 
specimens,  are  found  entire,  with  the  soft  parts,  and  even 
the  scales,  preserved  by  mineralization.  In  others,  all 
the  parts  are  removed,  except  the  skeleton,  and  this  is 
more  or  less  perfect,  and  frequently  only  the  hardest 
parts  remain,  such  as  the  palates  and  teeth. 
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In  Switzerland,  Asia,  and  Africa,  travellers  have 
observed  petrified  fish  in  many  places ;  for  instance,  on 
the  mountains  of  Castravan,  there  is  a  bed  of  white  la¬ 
minated  stone,  and  each  lamina  contains  a  great  num¬ 
ber  and  diversity  of  fishes;  they  are  for  the  most  part 
very  flat,  and  extremely  compressed,  in  the  manner  of 
fossil  fern,  yet,  they  are  so  well  preserved,  that  the 
minutest  marks  of  their  fins  and  scales  are  distinguish¬ 
able,  and  every  other  part,  whereby  one  species  of  fish 
is  known  from  another.  There  are  likewise  many 
echinites  and  petrified  fish  between  Iver  and  Cairo, 
and  on  all  the  hills  and  heights  of  Barbary,  most  of 
which  correspond  with  the  like  species  taken  from  the 
Red  Sea. 

The  description  of  fossil  Crustacea  presents  more 
difficulties  than  might  at  first  be  imagined.  The 
greater  number  of  them  are  in  such  a  state  of  mutila¬ 
tion,  or  so  enclosed  in  the  rock,  that  very  often  there  is 
nothing  to  be  seen  but  a  part  of  the  upper  surface  of 
the  body,  or  of  the  thorax;  while  the  under  surface, 
composed  of  the  numerous  pieces  of  the  plastron,  or 
sternum,  giving  attachment  to  feet  composed  of  many 
articulations,  and  presenting  also  the  external  parts  of 
the  mouth,  is  found  completely  fixed  in  the  substances 
which  enclose  it.  The  antennm  and  feet,  besides,  are 
most  commonly  broken  and  separated  from  the  body; 
which  may  be  readily  conceived,  when  we  recollect 
with  what  facility  these  latter  parts  are  detached  from 
living  crustacea,  which  lose  them  when  fighting  with 
one  another,  or  even  when  executing  some  violent  mo¬ 
tions. 

Fossil  SHELLS  are  amongst  the  most  abundant  of 
the  organic  remains  met  with  in  the  strata  of  which  our 
globe  is  composed.  They  exhibit  not  only  great  va¬ 
riety  in  form,  but  also  in  magnitude,  having  a  range 
from  the  colossal  ammonite,  several  feet  in  diameter, 
to  the  microscopic  nautili,  and  other  shells  of  the  same 
description.  They  are  divided  into  univalve,  or  those 
composed  of  one  valve  or  piece;  bivalve,  with  two 
valves;  and  multivalve,  with  more  than  two  valves.  i 

Univalve  Fossil  Shells  are  again  divided  into  those 
with  one  chamber,  termed  unilocular,  as  the  common 
patalla  or  limpet;  and  those  with  several  chambers, 
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named  multilocular,  as  the  nautilus.  Upwards  of  70 
genera  of  unilocular  shells  occur  in  a  fossil  state,  and 
niany  of  these  include  numerous  species.  The  multi¬ 
locular  genera  are  not  so  numerous,  their  number 
amounting  to  about  22,  but  their  internal  structure  is 
so  interesting  as  to  merit  notice.  ( See  the  Engraving .) 

From  their  perishable  nature,  insects  rarely  occur  in 
a  fossil  state;  and  when  they  do  appear,  they  are  gene¬ 
rally  very  imperfect.  Supposed  larva?  of  the  genera 
Eibellula  and  Ephemera  occur  in  the  marl  slate  of 
GEningen  and  Pappenheim;  and  the  elytra  of  coleop¬ 
terous  insects  in  the  Stonesfield  slate.  Insects  well 
preserved,  and  of  extinct  species,  occur  in  amber. 
Schweigger  describes  a  piece  of  amber  containing  a 
perfect  scorpion,  but  different  from  the  common  species 
of  that  genus.  The  ants  enclosed  in  amber  appear  to 
be  the  same  with  the  present  species;  so  that  we  have 
the  same  arrangement  in  this  substance  as  in  rock  for¬ 
mations,  viz.  known  and  unknown  species  together. 

Casts  and  Impressions  of  Trees  and  Ferns,  and 
other  vegetable  remains,  occur  in  great  abundance,  and 
in  considerable  variety,  in  different  formations,  particu¬ 
larly  in  the  coal  formation.  In  some  coal  mines  they 
appear  well  preserved,  and  thus  afford  many  facilities 
for  the  determination  of  their  characters;  whilst  in 
others,  they  are  so  much  changed,  as  to  render  it  nearly 
impossible  to  make  out  the  classes  and  orders  to  which 
they  belong. 

The  vegetable  fossils,  in  the  Engraving,  represent  a  curious  sample 
that  was  found  in  the  mines  of  St.  Etienne,  in  France,  containing  a 
fruit  resembling  that  of  coffee  ;  a  portion  of  an  unknown  vegetable, 
apparently  of  the  verticillate  tribe  ;  a  species  of  fern,  which  is  very 
remarkable,  as  it  is  furnished  with  fructifications  ;  part  of  a  plant 
with  verticillate  leaves,  probably  a  species  of  gallium  j  and  some 
exotic  fruit. 

The  coal  formation  is  very  remarkable  on  account 
of  the  numerous  fossil  remains  of  plants  which  it  affords. 
Several  of  the  principal  kinds  are  represented  in  the 
plates  annexed  to  this  article.  All  the  species,  and 
most  of  the  genera,  belong  to  plants  different  from  those 
of  the  present  creation ;  many  of  them,  and  those  the 
predominating  ones,  resemble  cacti,  palms,  reeds,  and 
ferns;  intimating  the  general  state  of  the  earth’s  surface 
in  the  remote  ages  when  they  flourished. 
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Fossil  remains  of  birds  are  of  rare  occurrence,  and 
the  few  specimens  hitherto  found  afford  results  much 
less  satisfactory  than  those  obtained  by  the  study  of  the 
fossil  bones  of  quadrupeds. 

The  remains  of  the  human  species  do  not  occur  in 
the  secondary  strata;  but  the  following  facts  prove 
their  occurrence  in  fissures  of  rocks  and  in  post-dilu¬ 
vial  strata.  Human  bones,  and  even  whole  skeletons, 
have  been  found  in  clay  in  fissures  of  rocks,  being  the 
remains  of  bodies  that  had  fallen  into  them;  in  other 
cases,  human  bones  and  skeletons  have  been  met  with, 
and  occasionally  more  or  less  mineralized,  in  old  de¬ 
serted  galleries  in  mines.  Some  years  ago,  human 
skeletons  were  discovered  in  a  compact  calcareous  rock 
in  the  Island  of  Guadaloupe.  A  mass  of  this  rock,  en¬ 
closing  a  well-preserved  human  skeleton,  but  without 
the  head,  is  deposited  in  the  British  Museum.  The 
rock,  on  examination,  proved  to  be  a  mere  alluvial  mass, 
formed  of  pieces  of  coral,  that  appear  to  have  been 
thrown  up  by  the  sea,  and  afterwards  united  together 
by  water  impregnated  with  calcareous  matter. 

It  will  be  interesting  to  exhibit,  in  one  point  of  view, 
a  few  of  the  most  remarkable  facts  which  have  been 
given  to  the  world,  relative  to  the  discovery  of  these 
remains.  Xenophanes  of  Colophon  described  the  re¬ 
mains  of  fossil  fishes  found  in  the  stone  quarries  of  Sy¬ 
racuse,  and  in  the  deep  marble  rocks  of  Paros.  In  the 
5th  century  before  Christ,  Herodotus  mentions  fossil 
shells  as  occurring  in  the  rocks  of  Egypt,  and  states  the 
fact  as  a.  proof  that  that  country  had  been  formerly  an 
arm  of  the  sea,  like  the  lied  Sea.  We  also  find  allu¬ 
sions  to  fossil  organic  remains  in  the  poets  of  anti¬ 
quity. 

In  Holland  sea  shells  are  found  100  feet  below  the 
surface,  and  in  the  Alps  and  Pyrenees  they  are  found 
under  beds  of  stone,  1000  feet.  They  are  also  found 
in  the  mountains  of  Spain,  France,  England,  and  in  all 
the  marine  quarries  of  Flanders;  by  shells  we  mean 
not  only  the  testaceous,  but  the  relics  of  the  crusta- 
ceous  fishes  also,  and  all  other  marine  productions;  and 
we  can  venture  to  assert,  that  in  the  generality  of  mar¬ 
bles,  there  is  so  great  a  quantity  of  marine  productions, 
that  they  appear  to  surpass  in  bulk  the  matter  whereby 
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they  are  united.  ( See  the  Slab  of  Super  Marble  in  the 
Engraving.) 

The  Isle  of  Cherea,  in  Dalmatia,  contains  caverns, 
in  which  are  found  prodigious  quantities  of  fossil  bones 
of  oxen,  horses,  and  sheep;  similar  examples  occur  in 
many  places;  fossil  shells  are  found  on  the  Alps,  on  the 
tops  of  mountains,  on  the  Apennines  of  Genoa,  in 
most  of  the  quarries  of  stone  and  marble  in  Italy  ;  in 
most  parts  of  Germany,  and  in  Hungary ;  and  they  are 
also  found  in  the  stones,  whereof  the  most  ancient  edi¬ 
fices  of  the  Romans  were  constructed. 

Amongst  the  many  instances  of  the  multiplicity  of 
oysters,  there  are  few  more  extraordinary  than  that 
immense  bed  which  M.  De  Reaumur  gives  an  account 
of,  which  contains  130,630,000  cubic  fathoms;  this 
vast  mass  of  marine  bodies  is  in  Touraine,  in  France, 
at  upwards  of  36  leagues  from  the  sea;  among  them 
are  blended  some  fragments  of  the  stronger  parts 
of  sea  plants,  such  as  madrepores,  fungi,  marini,  &c. 
The  canton  of  Touraine  contains  full  nine  square  leagues 
in  surface,  and  furnishes  these  shells  in  every  part. 

The  bivalve  fossil  shells  are  numerous  and  varied  in 
their  forms.  The  multivalves  are  of  comparatively 
rare  occurrence. 

Many  rocks  of  Spain  seem  almost  composed  of  river 
and  sea-shells,  with  mixed  bodies  beneath  other  rocks, 
in  beds  of  blackish  earth.  Cornuae  ammonis,  natives  of 
deep  oceans,  have  been  discovered  in  very  high  moun¬ 
tains.  Near  Bezieres,  large  beds  of  oysters  lie  on  the 
calcareous  strata ;  and  near  Aix,  marine  petrifactions 
have  been  discovered  in  the  heart  of  a  marble  quarry. 
Large  masses  of  sea-shells  have  been  found  on  the 
surface  of  plains  in  several  parts  of  Asia.  Among  the 
rocks  between  the  Zend  and  Orange  rivers,  near  the 
Cape  of  Good  Hope,  petrifactions  of  shells  are  seen, 
some  in  situations  150  feet  above  the  level  of  the 
sea. 

The  EchiniuSy  or  Sea  Urchin  Family  exhibits  great 
variety  in  form,  and  although  not  met  with  in  the  older 
secondary  rocks,  is  abundant  in  several  of  the  newer. 
Some  of  the  species  resemble  those  at  present  metwitl 
in  our  seas,  but  none  of  them,  as  far  as  we  know,  arc 
identical  with  the  recent  ones. 


Nature  displayed. 
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The  animals  of  the  Crinoidea* or  Encrinite  Family , 
appear,  from  their  internal  structure  and  external  form, 
to  belong  to  a  series  allied  to  the  Radiaria,  and  there¬ 
fore  cannot  be  arranged  with  the  simple  class  of  polypi. 
They  abound  in  many  strata,  and  in  vast  abundance, 
but  very  rarely  in  a  living  state, — a  fact  which  shows 
the  great  difference  between  the  animal  world  of  the 
former  and  present  period. 

A  complete  skeleton  of  the  colossal  species  of  Mega¬ 
therium ,  or  Sloth,  was  found  in  diluvial  soil,  near 
Buenos  Ayres,  and  sent  to  Madrid;  afterwards  another 
was  discovered  near  Lima,  and  a  third  in  Paraguay*. 
(See  the  Engraving .)  The  splendid  specimen  in  Ma¬ 
drid  is  14  feet  long,  and  7  Spanish  feet  in  height. 
The  skeleton  of  this  megatherium  is  so  rude  and  un¬ 
shapely,  that  the  clumsy  skeleton  of  the  elephant  and 
rhinoceros,  and  even  the  massive  and  rugged  bones  of 
the  hippopotamus,  appear,  when  placed  beside  it, 
slender  and  light.  It  is  one  of  the  largest  and  most 
massive  of  all  the  fossil  quadrupeds  hitherto  discovered. 

Fossil  teeth  of  a  species  of  horse  are  found  in  dilu¬ 
vial  soil,  associated  with  those  of  the  elephant,  rhino¬ 
ceros,  hyaena,  mastodon,  and  tiger.  These  teeth  are 
larger  than  those  of  the  present  horse,  and,  to  all  ap¬ 
pearance,  belong  to  a  different  species,  which  inhabited 
the  countries  where  they  are  now  found,  as  Great  Bri¬ 
tain,  along  with  elephants,  rhinoceroses,  hyaenas,  bears, 
wolves,  &c. 

Four  species  of  the  Bos ,  or  Ox  genus  occur  in  a  fos¬ 
sil  state.  1.  Bos  aurochs  or  urus. — This  species  is 
considered  as  distinct  from  the  common  ox,  being  much 
larger.  The  horns  and  bones  are  found  in  this  coun¬ 
try,  and  also  on  the  Continent  of  Europe.  It  occurs 
likewise  in  alluvial  soil  in  the  district  of  Ohio,  in  North 
America.  2.  Common  Ox. — The  fossil  skulls  of  this 
species  differ  from  those  of  the  present  existing  races 
in  being  larger,  and  the  horns  having  a  different  direc¬ 
tion.  They  are  considered  as  belonging  to  the  original 
race  of  the  present  domestic  ox.  The  remains  are  of 
frequent  occurrence  in  our  peat-bogs,  also  in  a  similar 


*  Remains  of  the  Megatherium  have  also  been  lately  found  in  lime¬ 
stone  caves  in  Brazil, 
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situation  in  Ireland.  3.  Large  Buffalo  of  Siberia.— 
Skulls  and  bones  of  a  large  species  of  ox  are  found  in 
Siberia,  which  Cuvier  maintains  to  be  different  from 
any  of  the  present  species;  and  as  it  occurs  in  the 
same  situation  as  the  elephant  and  rhinoceros  of  Sibe¬ 
ria,  he  considers  it  to  have  lived  at  the  same  early  pe¬ 
riod.  4.  Fossil  Ox,  resembling  the  Musk  Ox  of  North 
America. — The  bones  of  this  species  resemble  in  many 
points  those  of  the  musk  ox,  but  the  marks  of  differ¬ 
ence  are  so  considerable  as  to  show  that  it  is  distinct 
species. 

Horns  and  skulls  of  a  deer,  nearly  agreeing  with  the 
common  red  deer,  are  occasionally  met  with  in  va¬ 
rious  strata.  Some  of  these  have  been  found  in  the 
newer  secondary  formations,  in  supposed  ancient 
volcanic  tufas,  and  in  diluvial  strata,  with  remains  of 
the  elephant,  rhinoceros,  &c.  and,  lastly,  in  our  com¬ 
mon  peat-mosses.  The  horns  and  crania  found  in  our 
peat-bogs  are  of  the  same  species  with  our  present  red 
deer,  but  it  is  not  equally  certain  that  those  found  in 
the  older  formations  are  of  the  same  description. — 
Bones  of  a  species  of  the  roe  deer  are  met  with  in 
our  peat-mosses,  and  in  beds  of  shell  marl,  but  never 
in  any  of  the  diluvial  strata.  A  species  of  the  Fossil 
Boe  of  Orleans,  nearly  allied  to  the  roe,  but  different 
as  a  species,  occurs  near  Orleans,  in  France.  A 
species  of  fossil  fallow  deer  is  found  in  peat-bogs,  and 
m  marl  pits,  in  Scotland,  England,  and  in  different 
parts  on  the  Continent  of  Europe.  The  antlers  are  in 
general  larger  than  those  of  the  present  varieties. 

A  species  of  Fossil  Deer  of  Etampes  appears  allied 
to  the  rein  deer,  but  much  smaller,  not  exceeding  the 
roe  in  size.  A  gigantic  and  magnificent  species  of  the 
Cervus  giganteus ,  Irish  Elk ,  or  Elk  of  the  Isle  of 
Man ,  now  apparently  extinct,  occurs  in  a  fossil  state,  in 
Ireland,  Isle  of  Man,  England,  Germany,  and  France. 
The  most  perfect  specimen  of  the  skeleton  of  this  spe¬ 
cies  hitherto  met  with,  is  that  which  was  found  in  the 
Isle  of  Man,  and  now  preserved  in  the  Museum  of  the 
University  of  Edinburgh.  It  is  6  feet  high,  9  feet 
long,  and  in  height  to  the  tip  of  the  right  horn,  9  feet 
7  and  a  half  inches.  It  was  imbedded  in  a  loose  shell 
marl,  in  which  were  numerous  imbedded  branches  and 
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roots.  Over  the  marl  was  a  bed  of  sand,  above  the 
sand  a  bed  of  peat,  principally  composed  of  small 
branches  and  rotten  leaves,  and  over  the  peat,  the  com¬ 
mon  soil  of  the  country. 

Enormous  stags’  horns  have  been  dug  up  in  different 
parts  of  Ireland.  Their  dimensions  were  as  follows: 

Feet.  In. 


From  the  extreme  tip  of  each  horn  . . .  10 

From  the  tip  of  the  right  horn  to  its  root . 5  2 

From  the  tip  of  one  of  the  inner  branches  to  the  tip  of  the  ^ 

opposite  branch  . *  3  7% 

The  length  of  one  of  the  palms,  within  the  branches .  2  6 

The  breadth  of  the  same  palm,  within  the  branches .  1  10§ 

The  length  of  the  right  brow  antler .  1  2 


A  similar  pair  was  found  10  feet  under  ground,  in 
the  county  of  Clare.  At  Bally  ward,  near  Dublin;  and 
at  Portumery,  near  the  Shannon,  similar  horns  have 
been  found ;  and  the  observations  of  several  other  per¬ 
sons,  prove  the  great  frequency  with  which  these  re¬ 
mains  have  been  found  in  Ireland. 

Two  living  species  of  Elephant ,  the  Asiatic  and 
African,  and  one  fossil  species,  named  Mammoth  by 
the  Russians,  are  known  to  naturalists.  The  fossil 
elephant  or  mammoth  widely  differs  from  the  living 
species.  There  are  in  the  Ashmolean  Museum  at  Ox¬ 
ford,  some  vertebras  and  leg  bones  of  an  elephant  of 
vast  size,  probably  16  feet  high,  found  in  gravel  near 
Abingdon.  Mixed  with  these  were  bones  of  the  rhino¬ 
ceros,  hippopotamus,  horse,  dog,  ox,  and  deer. 

Targloni  calculates  the  elephants’  bones  that  had  been  dug  up  near 
the  Arno  in  Italy,  in  his  time,  equal  to  those  of  20  individuals ;  and 
this  number  has  been  so  much  augmented  by  subsequent  discoveries, 
that  the  district  may  be  considered  as  a  vast  cemetery  of  these 
gigantic  animals.  It  was  ascertained  that,  before  the  peasants  of 
the  neighbourhood  thought  of  preserving  these  bones  for  the  sake  of 
selling  them  to  the  curious,  some  of  them  had  been  in  the  habit  of  sur¬ 
rounding  their  gardens  with  palisades  of  the  tibiae  and  thigh-bones  of 
the  elephant.  One  of  the  persons  who  are  in  the  habit  of  searching 
for  these  bones,  ascended  the  hill  of  Poggio  Rosso,  where,  after  hav¬ 
ing  removed  the  earth  in  4  or  5  places,  he  found  a  large  elephant’s 
tusk:  from  thence  he  went  to  the  Colle  degii  Stecconi,  and  with  the 
same  facility  he  dug  up  a  large  grinder,  with  some  of  the  bones  of  the 
cranium,  and  2  tusks — 1  of  which  was  nearly  5  feet  long,  and  8  inches 
in  its  greatest  diameter.  In  Valdarno  Superiore,  they  also  find  bones 
of  the  rhinoceros,  the  hippopotamus,  stag’s  horns,  jaw-bones  and 
teeth  of  the  mastodonton,  and  other  herbivorous  animals,  which  seem 
to  belong  to  the  horse  and  the  ox. 

These  remains  are  not  confined  to  the  Arno  nor  to  Tuscany,  but 
are  found  in  different  places  on  both  sides  of  the  Apennines,  from 
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Lombardy  to  Calabria.  M.  Brocchi  gives  a  list  of  the  most  remark¬ 
able  places  where  they  have  been  found,  distinguishing  the  different 
species  of  animals.  He  enumerates  46  specimens  of  the  bones  of  ele¬ 
phants,  found  in  different  situations. — There  was  found,  in  the  neigh¬ 
bourhood  of  Rome,  the  entire  skeleton  of  an  elephant;  15  specimens  of 
the  mastodonton  were  found  in  different  parts  of  Piedmont  and  Lom¬ 
bardy,  and  on  both  sides  of  the  Apennines.  At  Castell’  Arquato,  there 
was  found  the  greater  part  of  the  skeleton  of  a  rhinoceros;  and  in 
Valdarno  Superiore,  and  the  territory  of  Perugia,  different  bones 
of  the  same  animal.  In  Yaldarno  Superiore,  in  Piedmont,  and  in 
the  neighbourhood  of  Verona,  remains  of  the  hippopotamus  have  been 
dug  up ;  and  many  specimens  of  the  head  and  horns  of  the  urus  have 
been  found  in  the  territories  of  Yerona,  Pavia,  Sienna,  in  the  Marca 
di  Ancona,  and  near  Rome.  A  head  of  the  Irish  elk  was  found  in 
Oltrepb  Pavese,  another  in  the  vicinity  of  Voghera,  and  a  third  near 
Lodi  Vecchio. 

Pallas  says,  that  from  the  Don  to  the  Tchutskoiness, 
there  is  scarcely  a  river  that  does  not  afford  the  re¬ 
mains  of  the  mammoth,  and  that  they  are  frequently 
imbedded  in  alluvial  soil ,  containing  marine  produc¬ 
tions .  The  skeletons  are  seldom  complete  ;  but  in  one 
instance,  this  animal  was  found  in  an  entire  state,  at  the 
mouth  of  a  river  in  Siberia,  and  a  drawing  made,  of 
which  we  have  introduced  a  copy. 

Cuvier  has  demonstrated  that  the  Siberian  Mammoth  is  of  a  different 
species  from  the  mastodon,  or  American  mammoth.  Its  bones  have 
been  found  in  the  alluvial  soil  near  London,  Northampton,  Glouces¬ 
ter,  Harwich,  Norwich,  in  Salisbury  plain,  and  in  other  places  in 
England ;  they  also  occur  in  the  north  of  Ireland ;  and  in  Sweden, Iceland, 
Russia,  Poland,  Germany,  France,  Holland,  and  Hungary,  the  bones 
and  teeth  have  been  met  with  in  abundance.  Its  teeth  have  also 
been  found  in  North  and  South  America,  and  abundantly  in  Asiatic 
Russia. 

In  regard  to  the’  complete  specimen  which  follows,  it  appears,  that 
in  the  year  1799  a  Tungusian  fisherman  observed  a  strange  shapeless 
mass  projecting  from  an  ice-bank  near  the  mouth  of  a  river  in  the 
north  of  Siberia.  He  next  year  observed  the  same  object,  which  was 
then  rather  more  disengaged  from  among  the  ice,  but  was  still  unable 
to  conceive  what  it  was.  Towards  the  end  of  the  next  summer,  he  per¬ 
ceived  it  was  the  frozen  carcass  of  an  enormous  animal,  the  entire 
flanks  of  which,  and  one  of  its  tusks,  had  become  disengaged  from  the 
ice.  In  1803,  owing  to  the  ice  melting,  this  carcass  became  disengaged, 
and  fell  down  on  a  sand  bank.  Two  years  afterwards,  this  animal  still 
remained  where  it  had  fallen;  but  its  body  was  greatly  mutilated. 
The  peasants  had  taken  away  quantities  of  its  flesh  to  feed  their 
dogs:  and  wild  animals,  particularly  white  bears,  had  also  feasted 
on  its  carcass  ;  yet  the  entire  skeleton  remained,  except  that  one 
of  the  fore  legs  was  gone.  The  entire  spine,  the  pelvis,  one  shoul¬ 
der  blade,  and  three  legs,  were  still  held  together  by  the  liga¬ 
ments  and  by  remains  of  the  skin,  and  the  other  shoulder  blade  was 
found  near.  The  head,  covered  by  the  dried  skin,  remained,  and  the 
pupil  of  the  eyes  was  still  distinguishable,  The  brain,  though  much 
dried  and  shrunk,  remained  within  the  skull,  and  one  of  the  ears  was 
in  excellent  preservation,  still  retaining  a  tuft  of  strong  bristly  hair. 
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The  upper  lip  was  much  eaten  away,  and  the  under  lip  entirely  gone, 
so  that  the  teeth  were  visible.  The  animal  was  a  male,  and  had  a  long 
mane  on  its  back. 

The  skin  was  extremely  thick,  and  as  much  of  it  remained  as  re¬ 
quired  ten  men  to  carry  away  with  great  difficulty  ;  more  than  301bs. 
of  its  hair  and  bristles  were  gathered,  which  were  more  than  a  foot  in 
length,  mixed  with  thinner  bristles  of  coarse  flexible  hair,  and  wool  of 
a  reddish  brown  colour.  It  is  evident  that  this  enormous  animal  be¬ 
longed  to  a  race  of  elephants  inhabiting  a  cold  region,  and  that  it  must 
have  been  frozen  up  at  the  moment  of  its  death. 


In  1817,  Dr.  Mitchell,  of  New-York,  announced  the  discovery  of 
the  remains  of  a  mammoth,  on  the  preceding  day,  in  the  town  of  Go¬ 
shen,  Orange  county,  within  60  miles  of  New-York,  in  a  meadow 
of  vegetable  mould,  which  abounds  with  pine  knots  and  trunks,  and 
was,  30  years  before,  covered  with  a  grove  of  white  pine-trees.  The 
depth  below  the  surface,  was  6  feet.  These  remains  were  subse¬ 
quently  put  together  in  the  Museum  at  Philadelphia,  and  we  have  in¬ 
troduced  an  engraving  of  this  wonderful  specimen,  as  drawn  and  pub¬ 
lished  in  the  recent  Travels  of  M.  Montule.  ^ 


The  Mastodon  of  the  Ohio ,  appears  to  have  been  as 
tall  as  the  elephant,  but  with  longer  and  thicker  limbs; 
probably  it  was  provided  with  a  proboscis  or  trunk,  and 
had  tusks  like  those  of  the  elephant.  It  appears  to  have 
lived  on  roots  and  fleshy  parts  of  plants,  and  hence  this 
kind  of  food  attracted  it  to  soft  and  marshy  places, 
where  its  fossil  remains  are  principally  found.  It  is  more 
common  in  North  America  than  in  any  other  part  of  the 
world,  although  its  remains  have  also  been  found  in 
Siberia.  The  Mastodon  with  Narrow  Grinders ,  is 
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found  in  Europe,  and  also  in  North  America.  Besides 
the  great  mastodon  and  the  species  with  narrow  grinders, 
remains  of  4  others  have  been  met  with. 
i  Bones  and  teeth  of  the  common  hog  occur  in  peat¬ 
mosses,  and  similar  remains  of  a  dubious  species  of  hog 
in  loam,  along  with  remains  of  the  elephant  and  rhino¬ 
ceros.  Mr.  Parkinson  says  that  2  teeth  of  the  narwal,  or 
Monodon  monoceros,  were  found  on  the  coast  of  Essex, 
in  the  London  clay,  and  that  one  specimen  was  found 
in  the  limestone  of  Bath.  Fossil  remains  of  dolphins 
and  whales  are  mentioned  as  occurring  in  the  new  se- 
condary  formations  of  Italy;  and  a  skeleton  of  the  com¬ 
mon  whale  was  lately  found  near  Airthry,  in  Stirling¬ 
shire.  The  skeleton  of  a  whale  was  found  in  Scotland, 
in  1819. 

The  animal  appeared  to  have  been  about  72  feet  in  length.  The 
greater  part  of  the  bones  were  found  at  the  depth  of  about  4  feet  and 
a  half;  the  tail  lay  in  a  westerly  direction.  It  has  been  ascertained, 
that  the  place  where  the  skeleton  was  found,  is  20  feet  higher  than 
the  surface  of  the  highest  tide  of  the  river  Forth,  at  the  present  day, 
and  as  in  all  the  alluvial  land  which  stretches  along  the  river  Forth, 
beds  of  sea-shells  are  found,  it  appears  that  the  waters  of  the  ocean 
must,  at  a  remote  period  of  time,  have  extended  over  all  the  flat  lands, 
both  to  the  west  and  east  of  Stirling  Castle. 

Two  species  of  tlie  crocodile  have  been  found  in 
a  blue  clay  in  the  neighbourhood  of  Honfleur  and 
Havre.  They  cannot  be  referred  to  any  of  the  present 
species.  In  England,  one  specimen  was  obtained  from 
the  Furbeck  stone,  and  another  was  found  in  Oxford¬ 
shire.  Vertebras  are  found  in  clay  near  Weymouth,  and 
in  chalk  in  Sussex.  In  the  neighbourhood  of  Bath,  the 
cliffs  on  the  Dorsetshire,  and  on  the  Yorkshire  coast,  re¬ 
mains  of  the  animals  of  this  tribe  have  been  often  found. 
The  matrix  in  which  they  are  found  is  in  general  similar 
to  that  which  has  been  already  mentioned  as  containing 
the  fossils  of  Honfleur  and  Havre, — -a  blue  limestone, 
becoming  almost  black  when  wetted.  This  description 
exactly  agrees  with  the  limestone  of  Char  mouth,  Lyme, 
&c.  in  Dorsetshire;  on  the  opposite  coast  to  that  of 
France,  on  which  Havre  and  Honfleur  are  situated. 

The  large  animal  whose  fossil  remains  are  found  in 
the  quarries  of  Maestricht,  has  been  a  frequent  object 
of  admiration;  and  the  beautiful  appearance  which  its 
remains  possess,  in  consequence  of  their  excellent  pre¬ 
servation,  in  a  matrix  which  admits  of  their  fair  dis- 
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play,  has  occasioned  every  specimen  to  be  highly 
valued.  The  length  of  the  cervical,  dorsal,  and  lumbar 
vertebras,  appears  to  have  been  about  9  feet  5  inches, 
and  that  of  the  vertebrae  of  the  tail  about  10  feet:  adding 
to  which  the  length  of  the  head,  which  may  be  reck¬ 
oned,  considering  the  loss  of  the  intermaxillary  bones, 
at  least  at  4  feet,  we  may  safely  conclude  the  whole 
length  of  the  skeleton  of  the  animal  to  have  approached 
to  24  feet.  The  head  is  a  sixth  of  the  animal;  a  pro¬ 
portion  approaching  very  near  to  that  of  the  crocodile, 
but  differing  much  from  that  of  the  monitor,  the  head 
of  which  animal  forms  hardly  a  twelfth  part  of  the  whole 
length.  There  can  be  no  doubt  of  its  having  been  an 
inhabitant  of  the  ocean. 

Fossil  remains  of  an  animal  of  the  same  kind,  found 
in  Bavaria,  are  described  by  Sommering,  under  the 
name  Lacerta  gigantea .  “  When  it  is  considered,” 

says  he,  “  that  this  gigantic  lizard  was  24  feet  long, 
we  are  forcibly  reminded  of  the  dragons  so  much 
spoken  of  in  fable.  At  least,  the  fact  that,  at  one  pe¬ 
riod  of  the  world,  there  existed  animals  of  the  lacerta, 
or  dragon  tribe,  more  than  20  feet  in  length,  is  more 
astonishing  than  all  that  is  recorded  in  ancient  tradition 
respecting  monsters,  which  even  the  wildest  fancy  did 
not  amplify  to  such  enormous  dimensions.” 

The  Megalosaurus  is  a  species  nearly  allied  to  the 
monitor  in  the  mode  of  its  dentition.  It  is  found  in 
the  calcareous  slate  of  Stonesfield,  in  England.  The 
animal  must,  in  some  instances,  have  attained  the 
length  of  40  feet,  and  stood  S  feet  high.  The  gigantic 
lizard  of  Sommering  appears  diminutive  when  con¬ 
trasted  with  this  stupendous  being. 

Fossil  remains  of  a  species  of  canis,  resembling  the 
dog ,  and  of  another  nearly  allied  to  the  common  fox ,  and 
bones  of  the  common  ivolf,  have  been  found  in  post¬ 
diluvial,  and  diluvial  soils,  and  in  caves  in  England, 
Germany,  and  France. 

Upwards  of  an  hundred  years  ago,  there  were  found 
in  England,  near  to  Dudley,  in  beds  of  limestone,  or¬ 
ganic  bodies  of  a  very  singular  form,  and  different  from 
all  the  petrifactions  which  had  been  previously  seen,  as 
well  as  from  every  organized  body  known  to  exist  at 
the  surface  of  the  earth.  There  was  no  hesitation, 
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however,  in  referring  them  to  the  animal  kingdom;  but 
for  a  long  time  it  could  not  be  determined  to  what  class 
they  belonged;  and  Linnaeus  himself,  on  placing  them 
with  the  insects,  found  their  form  to  be  so  very  differ¬ 
ent  from  that  of  the  animals  of  this  class,  that  he  gave 
to  the  particular  species  which  he  has  described  the 
name  of  Entomolithus  paradoxus. 

But  the  most  interesting  geological  discovery  of  mo¬ 
dern  times,  is  that  of  a  stupendous  cave  at  Kirkdale, 
in  Yorkshire,  thus  described  by  Professor  Buckland : 

It  was  not  till  the  summer  of  1821  that  the  existence  of  any  animal 
remains,  or  of  the  cavern  containing;  them,  had  been  suspected.  At 
this  time,  in  continuing  the  operations  of  a  large  quarry,  the  work¬ 
men  accidentally  intersected  the  mouth  of  a  long  hole  or  cavern, 
closed  externally  with  rubbish,  and  overgrown  with  grass  and  bushes. 
In  the  interior  of  the  cave  there  was  not  a  single  rolled  pebble,  nor 
one  bone,  or  fragment  of  bone,  that  bore  the  slightest  mark  of  having 
been  rolled  by  the  action  of  water.  The  cave  is  about  15  or  20  feet 
below  the  incumbent  field,  the  surface  of  which  is  nearly  level,  and 
parallel  to  the  stratification  of  the  limestone,  and  to  the  bottom  of  the 
cave.  Its  main  direction  is  ESE.  but  deviating  from  a  straight  line 
by  several  zigzags  to  the  right  and  left ;  its  greatest  length  is  from 
150  to  200  feet.  The  half  corroded  fragments  of  corals,  of  spines  of 
echini  and  other  organic  remains,  and  the  curious  ledges  of  limestone 
and  nodules  of  chert  that  project  along  the  sides  and  roof  of  the  cave, 
together  with  the  small  grooves  and  pits  that  cover  great  part  of  its 
interior,  show  that  there  was  a  time  when  its  dimensions  were  less  than 
at  present.  Both  the  roof  and  floor,  for  many  yards  from  the  entrance, 
are  composed  of  horizontal  strata  of  limestone,  uninterrupted  by  the 
slightest  appearance  of  fissure,  fracture,  or  stony  rubbish  of  any  kind ; 
but  further  in,  the  roof  and  sides  become  irregularly  arched,  pre¬ 
senting  a  very  rugged  and  grotesque  appearance,  and  being  studded 
with  pendent  and  roundish  masses  of  chert  and  stalactite  ;  the  bottom 
of  the  cavern  is  visible  only  near  the  entrance  ;  and  its  irregularities, 
though  apparently  not  great,  have  been  filled  up  throughout  to  a 
level  surface,  by  the  introduction  of  a  bed  of  mud  or  sediment. 

On  entering  the  cave  at  Kirkdale,  the  first  thing  observed  is  a  se¬ 
diment  of  mud,  covering  entirely  its  whole  bottom  to  the  average 
depth  of  about  a  foot,  and  entirely  covering  and  concealing  the  sub¬ 
jacent  rock,  or  actual  floor  of  the  cavern.  Above  this  mud,  on  ad¬ 
vancing  some  way  into  the  cave,  the  roof  and  sides  are  seen  to  be 
partially  studded  and  cased  over  with  a  coating  of  stalactite,  which  is 
most  abundant  in  those  parts  where  the  transverse  fissures  occur,  but 
in  small  quantity  where  the  rock  is  compact  and  devoid  of  fissures. 

The  bottom  of  the  cave,  on  first  removing  the  mud,  was  found  to  be 
strewed  all  over  like  a  dog  kennel,  with  hundreds  of  teeth  and  bones, 
or  broken  and  splintered  fragments  of  bones,  of  animals ;  they  w  ere 
found  in  greatest  quantity  near  its  mouth,  simply  because  its  area  in 
this  part  was  most  capacious ;  those  of  the  larger  animals,  elephant, 
rhinoceros,  &c.  were  found  co-extensively  with  all  the  rest,  even  in 
the  inmost  and  smallest  recesses.  Fragments  of  jaw  bones  were  by 
no  means  common :  the  greatest  number  seen  belonged  to  the  deer, 
hyaena,  and  water-rat,  and  they  retained  their  teeth. 

The  effect  of  the  mud  in  preserving  the  bones  from  decomposition 
has  been  very  remarkable ;  some  that  had  lain  a  long  time  before  its 
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Introduction  were  in  various  stages  of  decomposition ;  but  even  in 
these,  the  further  progress  of  decay  appears  to  have  been  arrested  by 
it ;  and  in  the  greater  number,  little  or  no  destruction  of  their  form, 
and  scarcely  any  of  their  substance,  has  taken  place*. 

It  appears  that  the  teeth  and  bones  which  have  as  yet  been  dis¬ 
covered  in  the  cave  at  Kirkdale,  are  referable  to  the  following  22 
species  of  animals. 

7  Carnivora. — Hyaena,  tiger,  bear,  wolf,  fox,  weasel,  and  an  un¬ 
known  animal  of  the  size  of  a  wolf.  * 

4  Pachydermata. — Elephant,  rhinoceros,  hippopotamus,  and  horse. 

4  Ruminantia. — Ox,  and  three  species  of  deer. 

3  Rodentia. — Rabbit,  water-rat,  and  mouse.  T4 

4  Birds. — Raven,  pigeon,  lark,  and  a  small  species  of  duck,  re¬ 
sembling  the  anas  sponsor,  or  summer  duck. 

Besides  the  teeth  and  bones,  the  cave  contained  also  remains  of 
horns  of  at  least  two  species  of  deer.  One  of  these  resembled  the 
horn  of  the  common  stag  or  red  deer,  the  circumference  of  the  base 
measuring  inches,  which  is  precisely  the  size  of  our  largest  stag. 
A  second  measured  7\  inches  at  the  same  part,  and  both  had  two 
antlers,  that  rose  very  near  the  base.  In  a  smaller  species,  the  lowest 
antler  was  3|  inches  above  the  base,  the  circumference  of  which  was 
8  inches. 

It  must  already  appear  probable,  from  the  facts  above  described, 
that  the  cave  at  Kirkdale  was,  during  a  long  succession  of  years,  in¬ 
habited  as  a  den  by  hy  aenas,  and  that  they  dragged  into  its  recesses 
the  other  animal  bodies  whose  remains  are  found  mixed  indiscrimi¬ 
nately  with  their  own.  To  animals  of  such  a  class,  the  cave  at  Kirk¬ 
dale  would  afford  a  most  convenient  habitation,  and  the  circum¬ 
stances  we  find  developed  in  it  are  entirely  consistent  with  the  habits 
above  enumerated. 

It  appears,  from  the  researches  of  M.  Cuvier,  that  the  fossil  hyaena 
was  nearly  one-third  larger  than  the  largest  of  the  modern  species  ; 
that  is,  the  striped,  or  Abyssinian  ;  but  in  the  structure  of  its  teeth, 
more  nearly  resembled  that  of  the  Cape  animal.  Its  muzzle  also  was 
shorter  and  stronger  than  in  either  of  them,  and  consequently  its  bite 
more  powerful. 

The  fossil  species  has  been  found  on  the  Continent  in  situations  of 
two  kinds,  both  of  them  consistent  with  the  circumstances  under  which 
it  occurs  in  Yorkshire,  and,  on  comparing  the  jaws  and  teeth  of  the 
latter  with  those  of  the  former,  engraved  in  M.  Cuvier’s  Recherches ,  they 


*  Analogous  cases  of  the  preservative  powers  of  diluvial  mud 
occur  on  the  coast  of  Essex,  near  Walton,  and  at  Lawford,  near 
Rugby,  in  Warwickshire.  Here  the  bones  of  the  same  species  of 
elephant,  rhinoceros,  and  other  diluvial  animals  occur  in  a  state  of 
freshness  and  freedom  from  decay,  nearly  equal  to  those  in  the  cave 
at  Kirkdale,  and  this  from  the  same  cause,  viz.  their  having  been 
protected  from  the  access  of  atmospheric  air,  or  the  percolation  of 
w  ater,  by  the  argillaceous  matrix  in  which  they  have  been  imbedded ; 
while  similar  bones  that  have  lain  the  same  length  of  time  in  diluvial 
sand,  or  gravel,  and  been  subject  to  the  constant  percolation  of  w  ater, 
have  lost  their  compactness  and  strength,  and  great  part  of  their  ge¬ 
latine,  and  are  often  ready  to  fall  to  pieces  on  the  slightest  touch  ; 
and  this  where  beds  of  clay  and  gravel  occur  alternating  in  the  same 
quarry,  as  at  Lawford. 
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are  found  to  be  absolutely  identical.  The  two  situations  are  caverns 
qnd  diluvian  gravel. 

1.  In  Franconia,  a  few  bones  of  hyaenas  were  found  mixed  with 
those  of  an  enormous  number  of  bears,  in  the  cave  of  Gaylenreuth. 

2.  At  Muggendorf,  in  a  similar  cave. 

3.  At  Bauman,  in  ditto. 

4.  At  Fouvent,  near  Gray,  in  the  department  of  Doubes,  bones  of 
hyaena  were  found  mixed  with  those  of  the  elephant  and  horse  in  a 
fissure  of  limestone  rock,  which,  like  that  at  Kirkdale,  was  disco¬ 
vered  by  the  accidental  digging  away  of  the  rock  in  a  garden. 

5.  At  Canstadt,  in  the  ^valley  of  the  Necker,  A.D.  1700,  hyaenas’ 
bones  were  found  mixed  with  those  of  the  elephant,  rhinoceros,  and 
horse,  and  with  rolled  pebbles,  in  a  mass  of  yellowish  clay. 

6.  Between  Hahldorf  and  Reiterbuck,  on  the  surface  of  the  hills 
that  bound  the  valley  of  Eichstadt,  in  Bavaria.  These  were  buried 
in  a  bed  of  sand. 

In  Germany  and  Hungary  are  caverns  containing  fossil  bones. 
Among  the  most  remarkable  are  those  of  Gaylenreuth.  Immediately 
beyond  the  opening  is  a  magnificent  grotto,  of  about  three  hundred 
feet  in  circumference,  which  has  been  naturally  divided  by  the  form 
of  the  roof  into  four  caves.  The  floor  is  also  covered  with  a  wet  and 
slippery  glazing,  in  which  several  teeth  and  jaws  appear  to  have 
been  fixed.  From  this  grotto  commences  the  descent  to  the  inferior 
caverns;  the  sides,  roof,  and  floor,  displaying  the  remains  of  animals. 
The  rock  itself  is  thickly  beset  with  teeth  and  bones,  and  the  floor  is 
covered  with  a  loose  earth,  the  evident  result  of  animal  decomposition, 
and  in  which  numerous  bones  are  imbedded.  A  gradual  descent  leads 
to  another  grotto,  which  is  forty  feet  in  length,  and  twenty  feet  in  heighL 
Here  the  bones  are  dispersed  about ;  and  the  floor,  which  is  formed  or 
animal  earth,  has  great  numbers  of  them  imbedded  in  it.  The  bones  which 
are  here  found  seem  to  be  of  different  animals  ;  but  in  this,  as  well  as 
in  the  former  caverns,  perfect  and  unbroken  bones  are  very  seldom 
found.  A  narrow  and  most  difficult  passage,  twenty  feet  in  length, 
leads  from  this  cavern  to  another,  five  and  twenty  feet  in  height,  which 
is  every  rvhere  beset  with  teeth,  bones,  and  stalactitic  projections. 
This  cavern  is  suddenly  contracted,  so  as  to  form  a  vestibule  six  feet 
wide,  ten  long,  and  nine  high,  terminating  in  an  opening  close  to  the 
floor,  only  three  feet  wide  and  two  high,  through  which  it  is  necessary 
to  writhe  with  the  body  on  the  ground.  This  leads  into  a  small  cave, 
eight  feet  high  and  wide,  which  is  the  passage  into  a  grotto  twenty- 
eight  feet  high,  and  about  three  and  forty  feet  long  and  wide.  Here 
the  prodigious  quantity  of  animal  earth,  the  vast  number  of  teeth, 
jaws,  and  other  bones,  and  the  heavy  grouping  of  the  stalactites,  pro¬ 
duced  so  dismal  an  appearance,  as  to  lead  Esper  to  speak  of  it  as  a 
perfect  model  for  a  temple  for  a  god  of  the  dead.  Here  hundreds  of 
cart-loads  of  bon}r  remains  might  be  removed,  pockets  might  be  filled 
with  fossil  teeth,  and  animal  earth  was  found  to  reach  to  the  utmost 
depth  to  which  they  dug.  A  piece  of  stalactite,  being  here  broken 
down,  Was  found  to  contain  pieces  of  bones  within  it,  the  remnants  of 
which  w  ere  left  imbedded  in  the  rock.  There  is  every  reason  to  sup¬ 
pose  that  these  animal  remains  were  dispersed  through  a  greater  part 
of  this  rock.  These  caverns  are  obviously  similar  to  the  Yorkshire 
cavern  at  Kirkdale. 

A  large  extent  of  islets  of  moor,  situated  on  the  Lincolnshire  coast, 
is  chiefly  composed  of  decayed  trees.  In  1796,  Dr.  de  Serra  and  Sir 
Joseph  Banks  examined  their  nature  and  extent.  They  landed  on 
one  of  the  largest  of  these  islets,  when  the  ebbs  were  at  the  lowest, 
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and  found  its  exposed  surface  to  be  about  ninety  feet  in  length,  and 
seventy-five  in  width.  They  were  enabled  to  ascertain,  that  these 
islets  consist  almost  entirely  of  roots,  trunks,  branches,  and  leaves  of 
trees  and  shrubs,  intermixed  with  leaves  of  aquatic  plants.  The  re¬ 
mains  of  many  of  the  trees  were  still  standing  on  their  roots;  but  the 
trunks  of  the  greater  part  of  them  lay  scattered  on  the  ground,  in 
every  direction. 

In  the  British  Museum  there  are  preserved  thirty  different  species 
of  crabs  from  the  London  clay  in  the  Island  of  Sheppey.  Fossil  shells 
are  humerous  and  well  preserved,  often  retaining  nearly  the  appear¬ 
ance  of  recent  shells.  There  are  but  few  genera  of  recent  shells  that 
do  not  occur  in  this  formation,  but  the  species  are  generally  different; 
on  the  other  hand,  few  of  the  extinct  genera,  so  common  in  the  older 
formations,  occur  in  this.  No  multilocular  or  bivalves  of  complicated 
structure  occur  in  this  clay.  About  thirty-two  genera  of  bivalves 
have  been  found  in  the  more  ancient  strata ;  and  only  five  or  six  new 
genera  have  been  found  in  the  London  clay  ;  but  on  the  other  hand 
the  more  ancient  strata  have  been  found  to  contain  only  twrelve  or 
fourteen  genera  of  simple  turbinated  univalves,  whilst  the  London  clay 
and  its  accompanying  sands  and  crag,  have  aftorded  thirty-two  genera 
of  turbinated  shells  ;  twenty-five  of  which,  with  about  sixteen  other 
genera  not  known  to  have  existed  in  a  mineralized  state,  inhabit  the 
present  waters  of  our  globe.  Petrified  fishes  of  great  beauty  are 
sometimes  met  with  ;  also  crocodiles  and  turtles,  in  a  more  or  less 
perfectly  mineralized  state.  It  frequently  contains  portions  of  fossil 
wood,  and  vast  variety  of  fruit  or  ligneous  seed-vessels.  Seven  hun¬ 
dred  different  seed-vessels  have  been  collected,  and  few  of  them  agree 
with  any  known  kinds. 

The  Paris  formation  of  rocks  has  been  sometimes  distinguished  into 
four  divisions  or  beds  according  to  the  kind  and  distribution  of  the 
organic  remains  it  contains.  The  first  or  lowest  bed  includes  the  plastic 
clay,  coarse  limestone  and  inferior  sandstone,  in  all  of  which  the  or¬ 
ganic  remains  are  said  to  be  entirely  murine.  Ihe  second  bed  contains 
the  lower  siliceous  limestone,  and  the  lower  gypsum  and  marl,  both 
of  which  contain  scarcely  any  other  petrifactions  than  those  of  land 
and  fresh  water  animals;  and  hence  is  called  a  fresh  water  formation. 
The  third  bed  is  composed  of  the  superior  marls,  sands,  and  sand¬ 
stones,  and  the  few  petrifactions  it  contains  are  of  marine  shells .  Last¬ 
ly,  the  fourth  bed  is  a  great  fresh  water  formation. 

Bogs  and  mosses  are  little  more  than  lakes  filled  up  with  vegetable 
matter,  usually  of  aquatic  origin.  They  are  to  be  found  not  only  in 
Ireland  and  Scotland,  but  also  in  every  northern  country,  more  es¬ 
pecially  when  thinly  peopled. 

-  Sir  Hans  Sloane  notices  a  curious  fact,  namely,  that  when  the  turf- 
diggers,  after  having  dug  out  the  earth  proper  to  make  turf  or  peat, 
reached  the  bottom,  so  as  to  come  to  the  clayey  or  other  soil,  by 
draining  off  the  water,  they  met  with  the  roots  of  fir-trees,  with 
their  stumps  standing  upright,  and  their  branches  spread  out  on  every 
side  horizontally.  Recently,  more  than  one  erect  wood  has  been 
found  at  60  feet  below  the  surface,  in  the  county  of  Wicklow.  The 
bo«-s  actually  supply  the  inhabitants  with  the  timber  of  ancient  forests. 
In^Lancashire  too  are  found  regular  forests,  lying  in  rows,  as  if  over¬ 
set  by  winds  or  floods. 

The  Countess  of  Moira,  in  a  letter  published  in  the  Archaeologia, 
mentions  that  a  human  body  was  found  under  moss  eleven  feet  deep ,  on 
the  estate  of  her  husband.  The  body  was  completely  clothed  in  gar- 
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merits  made  of  hair;  and  though  hairy  vestments  evidently  point  to 
a  period  extremely  remote,  before  the  introduction  of  sheep  and  the 
use  of  wool,  yet  the  body  and  the  clothes  were  no  way  impaired. 

Whether  the  Irish  morasses  were  at  first  formed  by  the  destruction 
of  whole  forests,  or  merely  by  the  stagnation  of  water,  in  places 
where  its  current  was  choked  up  by  the  fall  of  a  few  trees,  and 
by  the  accumulation  of  branches  and  leaves  carried  down  from  the 
surrounding  hills,  is  a  question.  Mr.  Kirwan  observes,  that  where- 
ever  trees  are  found  in  bogs,  though  the  wood  may  be  perfectly 
sound,  the  bark  of  the  timber  has  uniformly  disappeared,  and  the 
decomposition  of  this  bark  forms  a  considerable  part  of  the  nutritive 
substance  of  morasses.  The  timber  which  I  have  found,  but  in  par¬ 
ticular  the  oak,  appears  to  have  lain  for  very  ditferent  periods.  In 
general  it  is  quite  black,  but  I  have  found  some  in  which  that  hue 
was  only  an  inch  deep,  and  the  remainder  of  the  brown  colour 
usually  exhibited  by  timber  cut  in  our  own  time. 

Mr.  Ensor,  of  Ardress,  says,  “  Do  you  know  that  the  trees  found 
in  the  bogs  have  been  burned  down  ?  There  is  now  in  my  yard  a  fir- 
tree  of  considerable  dimensions,  one-third  of  which  was  burnt ;  and  I 
have  had  in  my  possession  also  oak-trees  which  were  incrusted  with 
charcoal.”  Some  arrow-heads,  wooden  bowls,  three  sacks  full  of  nuts, 
and  a  coat  of  an  ancient  texture  and  construction,  were,  in  the  year 
1737,  dug  from  under  a  moss  fifteen  feet  deep  in  Kilkenny,  all  of 
them  in  a  high  state  of  preservation. 

The  number  of  sea  shells  found  in  a  fossil,  or  in  a 
petrified  state,  is  so  amazing,  that  were  it  not  for  this 
very  circumstance,  we  never  should  have  had  a  proper 
idea  of  the  surprising  quantities  of  those  animals  to 
which  the  ocean  gives  birth:  they  appear  in  masses 
like  mountains,  in  banks  of  100  and  200  leagues  in 
length,  and  from  50  to  60  feet  thick.  Limestone,  mar¬ 
ble,  chalk,  marl,  &c.  together  with  various  others,  owe 
their  origin  to  shells.  Nay  more,  I  will  venture  to  af¬ 
firm,  says  Buffon,  that  shells  are  the  medium  em¬ 
ployed  by  Nature  in  the  formation  of  almost  all  stones. 
Many  fishes  inhabit  the  deepest  parts  of  the  ocean,  and 
are  never  thrown  upon  the  coasts;  these  are  termed 
pelasgi.  Those  thrown  upon  the  coasts  are  called  lit - 
torcdes.  The  cornu  ammonis  probably  belongs  to  the 
former;  for  these  animals,  the  cornua  ammonis ,  are  no 
longer  found  in  any  of  our  seas.  Shells  are  sometimes 
found  more  than  1000  feet  below  the  surface;  and  on 
the  top  of  the  mountain  called  Le  haut  de  Veron , 
which  is  elevated  more  than  7000  feet  above  the  level 
of  the  sea,  fragments  of  petrified  oysters  have  been 
found. 

It  appears,  therefore,  that  the  continents  on  which 
we  stand,  were,  as  we  have  formerly  said,  the  bottom 
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of  the  sea.  The  surface  which  we  now  behold,  re¬ 
ceived  its  configuration  from  the  currents,  the  move¬ 
ments,  and  the  inexplicable  accidents  it  met  with  in 
the  ocean.  In  the  internal  parts  of  the  earth,  as  far  as 
the  excavations  made  by  natural  causes  or  the  industry 
of  man,  have  given  scope  for  observation,  we  have  had 
striking  marks  exhibited,  of  the  immense  changes  that 
have  been  produced  by  the  chemical  action  of  bodies 
on  each  other,  during  a  course  of  ages  preceding  all 
human  record.  The  loftiest  mountains,  which  run  in 
chains  through  the  great  continents,  and  are  composed 
chiefly  of  granite ,  were  formed  previously  to  the  exist¬ 
ence  of  animals  and  vegetables  upon  the  present  earth. 
The  same  also,  it  is  presumed,  applies  to  mountains  of 
limestone,  or  marble  of  a  granular  texture,  and  is 
grounded  on  the  consideration  that  the  remains  of  or¬ 
ganized  substances  are  never  found  in  them.  Calca¬ 
reous  stones,  says  De  Saussure,  are  universally  allowed 
to  be  productions  of  the  sea.  To  prove  this,  the  ves¬ 
tiges  of  marine  animals  may  be  demanded.  But  the 
sea  does  not  in  every  part  of  it  produce  shells.  More¬ 
over,  there  are  oftentimes  local  causes,  such  as  an 
abundance  of  the  acid  principle,  which  may  alter  and 
hinder  petrifaction,  nay  even  preservation.  I  have  ob¬ 
served,  continues  this  philosopher,  and  with  great  asto- 
nisbmeut,  in  the  argillaceous  hills  of  Tuscany,  and 
above  all,  in  the  environs  of  Sienna,  for  instance,  near 
Monte  Chiaro,  that  the  hills  contiguous  to  each  other 
are  many  of  them  so  filled  with  fossil  shells  that  the 
earth  has  absolutely  been  white;  but,  on  the  contrary* 
that  the  others  have  been  without  the  smallest  trace  of 
a  shell.  In  the  high  mountains  of  the  Alps,  the  slates 
and  calcareous  stones,  which  appear  to  have  been 
formed  immediately  after  the  primitive  rocks,  seldom 
nr  never  contain  vestiges  of  marine  animals;  whereas 
those  in  the  flat  country,  or  in  inconsiderable  mountains, 
always  abound  with  them. 

All  strata  of  limestone,  chalks,  marbles ;  all  gypsums, 
spars,  alabasters,  &c.  are  confessedly  of  animal  origin ; 
those  of  coal,  and  of  all  bituminous  fossils,  and  the 
mould  every  where  covering  the  surface  of  the  earth 
and  other  substances,  are  supposed,  as  we  have  already 
§em,  to  have  arisen  entirely  from  the  destruction  of  ani* 
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mals  and  vegetables.  Fire,  and  water,  have  left  the 
most  indubitable  marks  of  their  respective  and  conjoint 
ravages  on  the  earth.  The  former,  however,  has,  to  ex¬ 
ternal  appearance,  worked  only  in  some  parts  of  the 
surface ;  while  the  latter,  in  its  crystallizations,  has  scat¬ 
tered  its  offspring  of  granite  almost  universally.  From 
the  lowest  valley  whence  we  can  descend,  we  find  pro¬ 
digious  heaps  of  marine  bodies  at  immense  depths, 
either  in  quarries  of  calcareous  stone,  in  fossils,  &c.  and 
we  find  them  also  in  the  towering  strata  of  mountains  ; 
in  the  mid  regions  of  continents  as  well  as  in  islands  ; 
from  the  summits  even  of  the  Alps,  to  some  hundreds 
of  feet  below  the  level  of  Amsterdam. 

The  petrifactions  which  are  thus  found  in  a  fossil 
state  are  various.  It  is  worth,  however,  observing,  that 
those  of  shells  are  found  on,  or  nearest  to,  the  earth  ; 
those  of  fish,  deeper ;  and  those  of  wood,  deepest.  That 
organic  substances  are  most  commonly  found  in  strata 
of  marl,  chalk,  limestone,  or  clay ;  seldom  in  sandstone ; 
still  more  rarely  in  gypsum ;  but,  never  in  gneiss,  gra¬ 
nite,  basaltes,  or  schorl ;  but  that  they  sometimes  oc¬ 
cur  in  pyrites,  and  ores  of  iron,  copper,  and  silver ;  and 
that  they  are  found  where  their  originals  could  not  have 
existed.  The  calcareous  petrifactions  consist  of  cal¬ 
careous  stones,  in  the  form  of  animal  or  vegetable  sub¬ 
stances  ;  the  former  are  called  zoophytes  ;  the  latter 
phytholites.  The  most  remarkable  of  the  former  are, 
first,  those  of  the  coral  class,  of  a  ramified  and  tubular 
form,  as  coral,  madrepores,  millepores,  astroites.  Se¬ 
condly,  those  of  the  class  of  sea-worms,  as  belemnites, 
which  are  of  a  conic  or  cylindrical  form ;  asteriae  and 
entrochi,  which  have  a  starry  appearance.  And  thirdly, 
those  of  the  testaceous  class,  as  nautilites,  ammonites, 
echini,  &c. 

Stony,  mineral,  and  stalactitical  concretions  may  be 
found  in  caverns,  where,  by  affinity,  and  the  different 
laws  of  attraction  observable  in  heterogeneous  bodies, 
the  air  may  dispel  the  fluid  vehicle,  and  thus  complete 
the  consolidation.  Agglutination  may  also  be  produced 
from  the  sperm  of  shell  fish,  and  sea  animalculse,  which 
operating  on  certain  heterogeneous  bodies,  will  unite 
them  into  a  firm  mass.  By  this  process,  certain  soft 
land,  will,  as  we  have  before  observed,  become  rock  ; 
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the  induration  of  bones  and  skeletons,  &c.  can¬ 
not  be  performed  in  so  small  a  period  of  time,  These 
remains  were  certainly  of  the  antediluvian  world.  Ma- 
lactitical  matter,  and  some  minerals,  may  be  produced 
under  human  observation;  but  the  operation  ot  indu¬ 
rated  chalk,  flint,  &c.  has  never  been  noticed  in  its  pro¬ 
gress,  nor  its  induration  satisfactorily  accounted  lor. 

55  The  evidence  is  clear,  that  the  sea  and  land  change 
place,  not  only  from  the  effects  of  general  and  stated 
periodic  laws,  but  from  a  variety  of  revolutions  occa¬ 
sioned  by  particular  and  accidental  causes.  Inns  me 

surface  of  the  earth,  which  we  look  upon  as  the  most 
permanent  of  all  things,  is  subjected,  like  the  rest  ol  na¬ 
ture,  to  perpetual  vicissitudes.  The  Great  Ruler  of  the 
universe  has  so  ordained  it,  that  sometimes  the  seasons 
shall  be  displaced,  sometimes  the  elements  shall  be  in 
discord,  the  sea  shall  pass  its  limits,  the  solid  eartli  shall 
shake,  mountains  shall  run  and  embrace  each  other, 
contagion  shall  destroy  man  and  beast,  and  sterility 
shall  desolate  countries.  But,  these  afflicting  disorders 
are  effects  of  causes  purely  natural,  acting  conformably 
to  fixed  laws,  and  determined  by  the  established  nature 

of  things.  .  .  ,  , 

Nor  let  us  conclude  that  destruction  alone  is  to  be 

observed  on  the  surface  of  this  earth.  Many,  as  we 
have  seen,  have  maintained  the  universal  volcanic  ge¬ 
neration  of  mountains.  Certain  islands  indisputably 
have  been  thrown  up.  And  though  we  may  differ  from 
them  in  a  general  sense,  we  willingly  concede  to  them 
particular  instances.  The  volcanic  generation  of  moun¬ 
tains  is  not  to  be  doubted,  any  more  than  the  granite 
accumulations  in  the  ocean,  which  at  this  moment  per¬ 
haps  are  crystallizing  into  what  will,  at  some  future 
period  of  the  world,  be  Alps  or  Cordilleras.  On  the 
12th  of  May,  1707,  a  new  island  sprung  up  near  baint 
Erini,  in  the  Archipelago.  “We  observed  at  sun  ris¬ 
ing/’  says  F.  Bourgignon,  “  between  the  two  burnt 
islands,  a  floating  rock,  as  it  were,  which  at  first  we 
took  to  be  some  vessel  shipwrecked.  It  continued  to 
increase  in  height  and  extension,  from  its  first  appear¬ 
ance  to  the  13th  or  14th  of  June,  and  without  any  noise 
or  disturbance.  On  the  10th  of  July,  at  sun  set,  we 
perceived  a  chain  of  rocks,  as  it  were,  that  rose  up 
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from  a  prodigious  depth  of  the  sea,  to  the  number 
of  17  or  18,  not  very  distinct  from  each  other,  and  appa¬ 
rently  inclining  to  join  themselves  to  the  new  island. 
The  next  day,  smoke  was  observed  to  break  forth,  much 
resembling  in  thickness  and  colour  that  of  a  burning 
furnace ;  and  at  the  same  time  were  heard  certain  mur¬ 
mur  ings  under  ground,  which  seemed  to  proceed  from 
the  centre  of  this  new  island.  The  rocks  then  recently 
formed,  united  together,  and  seemed  to  form  another 
island  distinct  from  the  former.  The  smoke  still  in¬ 
creased  ;  but,  on  the  following  day,  the  fire  broke  forth, 
at  first  of  a  dull  colour,  but  afterwards  more  vivid,  as 
the  island  increased,  and  so  continued,  and  from  a  va- 
riety  of  apertures.  It  was  no  less  frightful  than  curious 
to  the  sight,  to  see  every  evening  on  the  top  of  this 
mount,  that  nature  had  lately  formed,  a  vast  number  of 
burning  furnaces,  all  of  a  bright  flame,  and  not  unlike 
the  illuminated  minarets  of  the  Turks.  In  the  mean 
time,  the  burnt  island  increased  prodigiously,  and  ex¬ 
tended  itself  chiefly  on  the  south  and  north  sides ;  the  sea 
also  seemed  much  more  disturbed,  and  was  loaded  with 
sulphur  and  vitriol ;  the  boiling  of  the  sea  was  more 
fierce  and  violent,  the  smoke  became  thicker  and  in 
greater  abundance,  and  the  fire  larger  and  more  fright¬ 
ful.  But,  above  all,  a  stench,  which  infected  the  whole 
country,  became  so  intolerable,  that  persons  of  the 
strongest  constitutions  could  hardly  breathe  in  it.  In 
thirteen  or  fourteen  days  there  was  a  considerable  altera¬ 
tion  in  the  size  and  appearance  of  these  islands:  they 
became  considerably  higher  and  longer,  and  at  length 
absolutely  joined  and  formed  but  one  island,  and  on 
the  20th  of  November,  it  appeared  to  be  at  least  three 
miles  in  circumference,  and  forty  feet  in  height.” 

Creation,  and  destruction,  thus  regularly  succeed  to 
one  another.  Nothing  is  at  a  stand.  All  is  in  motion, 
and  every  revolution  serves  but  to  some  wise  purpose. 
Thus,  while  some  regions  are  undermining,  others  are 
forming ;  while  this  mountain  crumbles,  its  resemblance 
consolidates  in  the  ocean ;  while  flints,  jaspers,  petro- 
silex,  feldspar,  granites,  lavas,  and  ferruginous  stones, 
from  long  exposure  to  the  air,  fall  into  a  state  of  de¬ 
composition,  similar  bodies  and  crystallizations  assume 
their  distinct  shapes,  and  wait  but  to  be  called  into 
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feeing.  This  succession  is  most  admirable.  Every  par¬ 
ticle  of  matter  thus  comes  into  action.  But  the  time  re¬ 
quired  for  such  regeneration  is  infinitely,  perhaps,  too 
unbounded  for  the  circumscribed  imagination  and  lacul- 
ties  of  man. 

Our  globe  is  indisputably,  both  internally  and  exter¬ 
nally,  irregular.  It  projects  with  mountains,  and  is 
wrought  into  caverns.  Its  surface  is  unequal,  and  its 
inner  parts  are  variegated.  The  alterations  it  has  un¬ 
dergone,  have  been  manifold.  To  a  few  evident  causes, 
however,  they  may  in  general  be  attributed,  though  they 
cannot  in  any  manner  be  proved.  First,  to  heat,  which 
melts,  volatilizes,  mixes,  combines,  calcines,  vitrefies, 
and  consequently  gives  birth  to  fiery  eruptions.  Se¬ 
condly,  to  water,  which  may  be  said  to  be  the  most  uni¬ 
versal,  as  it  searches  every  where.  Thirdly,  to  air, 
which,  by  its  currents,  forms  the  winds,  which,  pent  up 
in  caverns,  and  rarefied  by  heat,  burst  through  every 
thing  that  opposes  them  ;  break  out  caverns,  and  open 
those  mouths,  whence  issue  forth  inevitable  destruction. 
And  fourthly,  to  substances  of  a  saline  nature,  which 

greatly  assist  inflammation. 

The  globe,  at  least  to  a  certain  depth,  is  not  every 
where  solid;  but  is  intermixed  with  mighty  caverns, 
whose  arches  support  the  incumbent  earth,  which  in  the 
progress  of  time  inevitably  give  way.  Then  instantly 
rush  in  the  waters,  and  by  filling  them,  leave  a  quantity 
of  dry  land,  which  shortly  becomes  an  habitation  for 
terrestrial  animals.  These,  in  their  turn,  undergo  a 
similar  fate.  Thus  succeeds  revolution  to  revolution. 

In  viewing  these  changes  the  philosopher  who  turns 
his  mind  to  the  contemplation  of  the  general  system  of 
nature,  too  frequently  fancies  a  quickness  and  impetus 
of  operation,  which  probably  bear  no  more  analogy  to 
the  thing  itself,  than  the  energy  of  his  own  feeble 
powers  do,  to  the  all-actuating  universal  cause. .  Ma¬ 
ture  is  slow  in  her  operations.  She  proceeds  by  insen¬ 
sible  gradations.  Man,  on  the  contrary,  would  be  as 
momentary  as  his  thoughts.  Ages,  probably,  are  ne¬ 
cessary  to  the  consolidation  of  metals ;  ages  we  can 
readily  believe  to  be  required  for  the  formation  of  pre-  . 
cious  stones.  But,  these  are  all  imitated  by  art,  and 
are  even  brought  to  a  certain  degree  of  perfection,  in 
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very  inconsiderable  spaces  of  time.  This  makes  us 
assuming :  but  look  into  yon  sparry  Cavern  in  the 
mountain  ;  remark  that  grotesque  indurated  mass  ;  it  is 
the  growth  of  a  period  so  unlimited,  as  to  afford  us  no 
room  even  for  conjecture,  as  to  the  sera  of  its  origin  : 
and  yet,  in  the  chemist’s  laboratory,  he  could  produce 
you  a  stone,  for  the  formation  of  which,  a  few  hours 
Would  be  more  than  sufficient.  Let  us  not,  however, 
argue  hence,  that  nature  proceeds  in  the  manner  we  do  : 
it  is  too  great  a  degree  of  rashness,  to  assume  the  extent 
of  the  power  of  the  artist,  as  a  limit  for  that  of  the 
Creator;  and  to  imagine,  that  the  state  of  our  acquisitions 
is  the  state  of  absolute  information.  With  sure,  but 
gentle  pace,  nature  pursues  her  ends.  She  composes 
and  decomposes  with  measured  step.  We  may  think 
ourselves  possessed  of  her  secrets  :  the  difference,  how¬ 
ever,  may  be  as  great,  as  an  atom  is  to  a  world,  or  as 
eternity  is  to  a  moment.  But  the  real  philosopher 
shuns  such  illusory  ideas.  He  neither  demands  how  the 
world  exists  ;  attempts  to  penetrate  the  reason  of  its 
existence ;  the  sera  of  its  birth,  or  the  mode  of  its  dis¬ 
solution.  To  him  it  is  sufficient,  if  he  can  but  trace 
and  consider  a  few  of  its  phenomena ;  if,  in  his  inqui¬ 
res,  he  can  but  find  out  a  link  in  the  chain  of  causes 
and  effects ;  or  if,  in  the  contemplation  of  the  mighty 
fabric,  he  can  but  form  probable  conjectures  on  a  few 
of  the  laws  by  which  it  is  regulated. 

mrnrnamm 

*  ■  - - - 

LECTURE  XXX. 

,  CAVERNS  AND  PETRIFACTIONS. 

Give  me,  ye  powers,  the  wondrous  scenes  to  show. 

Conceal’d  in  darkness,  in  the  depths  below\ 

In  surveying  the  subterranean  parts  of  the  globe, 
beside  the  fissures  that  descend  vertically,  we  frequent¬ 
ly  find  openings  that  descend  but  a  little  way,  and  then 
spread  themselves  often  to  a  great  extent  horizontally. 
A  few  of  these  caverns  are  the  production  of  human 
art  and  industry,  made  to  protect  the  oppressed  or  shel¬ 
ter  the  robber,  but  the  greater  part  are  works  of  na¬ 
ture,  and  often  result  from  currents  of  rivers  which 
formerly  passed  through  them. 
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The  famous  labyrinths  of  Candia  ;  the  stone  quarry 
of  Maestricht ;  the  salt  mines  in  Poland  ;  some  of  the 
catacombs  in  Egypt  and  Italy ;  the  chalk  excavation  at 
Rebate;  and  a  great  number  of  artificial  caverns  m 
Spafn,  are  human  productions.  But  there  is  scarcely  a 
country  in  the  world  without  its  natural  caverns  ;  and, 
every  day,  many  new  ones  are  discovered.  Those  in  Eng- 
land^  Oakey-hole  in  Somersetshire,  the  Devil’s-hole  m 
Derbyshire,  and  Penmark-hole  in  Gloucestershire,  have 
been  often  described.  But  of  the  subterranean  ca¬ 
verns  now  known,  the  most  celebrated  are  the  lotto 
of  Antiparos,  the  great  Cavern  of  Kentucky,  Fingals 
Cave  in  Staffa,  the  Cavern  of  Guacharo,  in  South  Ame¬ 
rica,  and  that  near  Water  Town,  in  North  America. 

The  grand  Staffa  Cavern,  or  Fingal’s  Cave,  on  the 
small  island  of  Staffa,  in  the  Hebrides,  is  situate  about 
seven  miles  N.  N.  E.  of  Iona,  and  equi-distant  west¬ 
ward  from  the  shores  of  Mull.  It  is  formed  by  the 
wearing  away,  by  the  tides,  of  the  basaltic  pillars  on 
which  the  island  and  much  of  the  land  in  the  vicinity  is 
formed.  These  stand  in  natural  colonnades,  mostly 
above  fifty  feet  high,  upon  a  firm  basis  of  solid  unshapen 
rock ;  and  above  these  the  stratum,  which  reaches  to 
the  soil  of  the  island,  varies  in  thickness,  m  proportion 
to  the  distribution  of  the  surface  into  lull  and  valley. 
The  pillars  have  three,  four,  and  more  sides  ;  but  the 
number  of  those  with  five  and  six  exceeds  that  of  the 
others.  It  is  supported  on  each  side  by  ranges  of  co¬ 
lumns,  and  is  roofed  by  the  bottoms  of  those  columns 
which  the  tide  has  broken  away.  From  the  interstices 
of  the  roof  a  yellow  stalactitic  matter  has  exuded,  which 
precisely  defines  the  different  angles  ;  and,  varying  the 
colour,  tends  to  augment  the  elegance  of  its  appearance. 
The  whole  cave  is  lighted  from  without,  in  such  manner, 
that  the  farthest  extremity  is  plainly  distinguished. 


The  following  are  its  dimensions. 

Length  of  the  cave  from  the  rock  without  .  . 

from  the  pitch  of  the  arch 

Breadth  of  ditto  at  the  mouth  ...... 

at  the  farther  end  .  .  •  * 

Height  of  the  arch  at  the  mouth . 

at  the  end . * 

Height  of  an  outside  pillar 

one  at  the  north-west  corner  .  .  • 

Depth  of  water  at  the  mouth . 

at  the  extremity  .  .  .  •  « 


Feet.  In. 
371  6 
250  0 

53  7 
20  0 

117  6 
70  0 
39  6 

54  0 
18  0 

$  0 
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The  thickness  of  the  stratum  of  lava-like  matter  be¬ 
low  the  pillars,  the  height  of  the  pillars,  and  the  thickness 
of  the  superincumbent  stratum  at  three  different  places 
westward  of  the  mouth  of  the  cave,  beginning  with  the 
coiner  pillar  of  the  cave,  are,  in  feet,  described  as  under: 

c,  .  ,  .  Feet.  Feet.  Feet. 

Stratum  below  ^  11  ^  17  £0 

Height  of  pillars  54  ^  50  65 

Stratum  above  61  51  55 

The  stratum  above  the  columns  is  uniformly  the  same, 
consisting  of  numberless  small  pillars,  bending  and  in¬ 
clining  in  all  directions,  sometimes  so  irregularly,  that 
the  stones  can  only  be  said  to  have  an  inclination  to  as¬ 
sume  a  columnar  form ;  in  others  more  regularly ;  but 
never  breaking  into,  or  disturbing  the  stratum  of  large 
pillars,  whose  tops  keep  every  where  an  uniform  line. 

In  addition  to  the  foregoing  description  by  Sir  Joseph 
Banks,  are  the  following  observations  by  M.  Saussure, 
in  his  Voyage  to  the  Hebrides:  Figure  to  yourself  a 
vault  350  feet  in  depth,  and  117  in  height;  supported  on 
each  side  by  close  groups  of  prisms,  some  with  six 
faces,  others  with  seven  or  eight  sides,  rising  vertically 
to  a  height  of  more  than  50  feet,  preserving  alwavs  the 
most  perfect  regularity.  On  entering  the  cave  of  Fin- 
gal,  we  felt  an  indescribable  impulse  of  admiration.  The 
grandeur  and  majestic  simplicity  of  this  vast  hail,  the 
obscurity  which  reigns  there,  and  which  increases’ still 
more  the  solemnity  of  the  basaltic  pillars,  the  rolling 
waves  striking  against  the  walls,  and  which  in  breaking 
against  the  bottom  of  the  cavern  produce  a  noise  at 
times  similar  to  the  rolling  of  distant  thunder,  the 
echoes  resounding  from  the  vault  repeating  and  proiono'- 
ing  all  the  sounds  with  a  kind  of  harmony;  all  these 
features  united  produce  in  the  mind  a  sensation  which 
invited  us  to  meditation  and  religious  awe. 

Of  the  Grotto  OF  Antiparos,  Dr.  Clarke  gives  the  follow- 
ing  description:  We  now  came  to  the  mouth  of  this  most  nro- 
d^ious  cavern,  which  may  be  described  as  the  greatest  natural  curi¬ 
osity  of  its  kind  in  the  known  world.  As  to  its  origin,  it  may  nos- 
sibJy  have  been  a  very  ancient  mine,  or  a  marble  quarry,  from 
the  oblique  direction  of  the  cavity,  and  the  parallel  inclination  of  its 
sides  Ihe  mode  of  descent  is  by  ropes,  which  on  the  different  de¬ 
clivities  are  either  he  d  by  the  natives,  or  they  are  joined  to  a  cable 
which  is  fastened  at  the  entrance  around  a  stalactite  pillar  In  this 
manner,  we  were  conducted,  first  down  one  declivity,  and  then  down 
another,  until  we  entered  the  spacious  chambresof  this  truly  enchanted 
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grotto.  Having  visited  the  stalactite  caverns  of  the  gulf  of  Sa- 
lernum  upon  the  coast  of  Italy,  those  of  Terni ,  and  many  other  places, 
the  author  expected  to  find  similar  here  ;  but  there  is  nothing  which 
resembles  this  grotto.  The  roof,  the  floor,  the  sides  of  a  whole  series 
of  magnificent  caverns,  were  entirely  invested  with  a  dazzling  incrus¬ 
tation  as  white  as  snow.  Columns,  some  of  which  were  five  and 
tw  enty  feet  in  length,  pended  in  fine  icicle  forms  above  our  heads : 
(see  the  engraving,)  Others  extended  from  the  roof  to  the  floor,  with 
diameters  equal  to  that  of  the  mast  of  a  first-rate  ship  of  the  line. 
The  incrustations  of  the  floor,  caused  by  falling  drops  from  the  stalac¬ 
tites  above,  had  grown  up  into  dendritic  and  vegetable  forms,  which  first 
suggested  to  Tournefort  the  strange  notion  of  his  having  here  discovered 
the  vegetation  of  stones.  The  last  chamber  into  which  we  descended 
surprised  us  more  by  the  grandeur  of  its  exhibition  than  any  other. 
Probably  there  are  many  other  chambers  below  this,  yet  unexplored, 
for  no  attempt  has  been  made  to  penetrate  farther  :  and,  if  this  be 
true,  the  new  caverns,  when  opened,  would  appear  in  perfect  splen¬ 
dor,  unsullied,  in  any  part  of  them,  by  the  smoke  of  torches,  or  by  the 
hands  of  intruders. 

The  Great  Cavern  of  Guacharo,  in  South  America,  is  pierced 
in  the  vertical  profile  of  a  rock.  The  entrance  is  toward  the  south, 
and  forms  a  vault  eighty  feet  broad,  and  seventy-two  feet  high.  The 
rock,  that  surmounts  the  grotto,  is  covered  with  trees  of  gigantic 
height.  The  mammee-tree,  and  the  genipa  with  large  and  shining 
leaves,  raise  their  branches  vertically  toward  the  sky ;  while  those  of 
the  courbaril  and  the  erythrina,  form,  as  they  extend  themselves,  a 
thick  vault  of  verdure.  But  this  luxury  of  vegetation  embellishes  not 
only  the  outside  of  the  vault,  it  appears  even  in  the  vestibule  of 
the  grotto.  Plantain-leaved  heliconias  eighteen  feet  high,  the  praga 
palm-tree,  and  arborescent  arums,  follow  the  banks  of  the  'river 
even  to  those  subterranean  places.  Day-light  penetrates  into  this  re¬ 
gion,  because  the  grotto  forms  but  one  single  channel,  which  keeps 
the  same  direction,  from  south-east  to  north-west.  Where  the  light 
begins  to  fail,  the  hoarse  sounds  of  the  nocturnal  birds  are  heard.  The 
guacharo  is  of  the  size  of  our  fowls,  has  the  mouth  of  the  goatsuckers 
and  procnias,  and  the  port  of  those  vultures,  the  crooked  beak  of 
which  is  surrounded  w  ith  stiff  silky  hairs.  It  forms  a  new  genus,  very 
different  from  the  goatsucker  by  the  force  of  its  voice,  by  the  consi¬ 
derable  strength  of  its  beak,  containing  a  double  tooth,  by  its  feet 
without  the  membranes  that  unite  the  anterior  phalanxes  of  the  claw  s. 
In  its  manners  it  has  analogies  both  with  the  goatsuckers  and  the  al¬ 
pine  crow.  The  plumage  of  the  guacharo  is  of  a  dark  bluish-grey, 
mixed  with  small  streaks  and  specks  of  black.  It  is  difficult  to  form 
an  idea  of  the  horrible  noise  occasioned  by  thousands  of  these  birds 
in  the  dark  part  of  the  cavern,  and  which  can  only  be  compared  to  the 
croaking  of  our  crowrs,  which,  in  the  pine  forests  of  the  north,  live  in 
society,  and  construct  their  nests  upon  trees,  the  tops  of  which  touch 
each  other.  Their  nests  are  fifty  or  sixty  feet  high  above  our  heads,  in 
holes  in  the  shape  of  funnels,  with  w  hich  the  roof  of  the  grotto  is  pierced 
like  a  sieve.  The  Cavern  winds  on  the  banks  of  the  small  river  which 
issues  from  it,  and  is  from  28  to  30  feet  wide  ;  this  subterraneous  ri¬ 
vulet  is  the  origin  of  the  river  Caripe,  which,  at  a  few  leagues  dis¬ 
tance,  after  having  joined  the  small  river  of  Santa  Maria,  is  naviga¬ 
ble  for  canoes.  It  enters  into  the  river  Areo  under  the  name  of  Can- 
no  de  Terezen.  The  grotto  of  Caripe  preserves  the  same  direction,  the 
same  breadth,  and  its  primitive  height  of  sixty  or  seventy  feet,  to  the 
distance  of  1458  feet,  accurately  measured.  The  superstitious  natives 
connect  mystic  ideas  with  this  cave,  inhabited  by  nocturnal  birds; 
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they  believe,  that  the  souls  of  their  ancestors  sojourn  in  the  deep  re¬ 
cesses  of  the  cavern. 

The  great  Kentucky  Cavern  is  10  or  12  miles  in  length,  with  many- 
extensive  branches.  The  surrounding  country  is  much  broken  into 
ravines  and  pits,  at  the  bottom  of  one  of  which  is  the  entrance. 
Mr.  N.  Ward,  who  explored  this  cavern,  gives  the  following  descrip¬ 
tion  of  it :  “  At  eight  in  the  morning,  I  started  with  the  guides, 
taking  with  us  two  large  lamps,  a  compass,  and  something  for  re¬ 
freshment;  and  entering  the  cave,  about  60  rods  from  the  house, 
down  through  a  pit  40  feet  deep  and  30  in  circumference  ;  at  the  bot¬ 
tom  is  a  spring  of  water.  (See  the  plan  of  this  wonderful  place  an¬ 
nexed.)  You  are  now  at  the  entrance  of  the  cave  (A) ;  which 
opens  to  the  north,  and  is  from  40  to  50  feet  high,  and  about  30 
in  width  for  upwards  of  40  rods,  when  it  becomes  but  10  feet  wide 
and  five  feet  high.  However,  this  continues  but  a  short  distance, 
when  it  expands  to  40  or  50  feet  in  width,  and  is  about  20  in 
height  for  about  one  mile,  until  you  come  to  the  First  Hoppers  (B) 
where  saltpetre  is  manufactured.  Thence,  it  is  about  40  feet  in  width 
and  sixty  in  height  to  the  Second  Hoppers  (B),  two  miles  from  the  en¬ 
trance.  The  loose  limestone  has  been  laid  up  into  handsome  walls  on 
either  side,  almost  the  whole  distance  from  the  entrance  to  the  Second 
Hoppers :  the  road  is  hard,  and  as  smooth  as  a  fiag  pavement.  The 
walls  of  the  cavern  are  perpendicular  in  every  passage  that  l  tra¬ 
versed  ;  the  arches  are  regular  in  every  part,  and  have  bid  defiance 
even  to  earthquakes.  One  of  my  guides  informed  me  he  was  at  the 
Second  Hoppers  in  1812,  with  several  workmen,  when  those  heavy 
shocks  came  on,  which  were  so  severely  felt  in  this  country.  He  said, 
that  about  five  minutes  before  the  shock,  a  heavy  rumbling  noise  was 
heard  coming  out  of  the  cave  like  a  mighty  wind;  when  that  ceased, 
the  rocks  cracked,  and  all  appeared  to  be  going  in  a  moment  to  final 
destruction.  However,  no  one  was  injured,  although  large  rocks  fell 
in  some  parts  of  the  cave. 

As  you  advance  into  the  cave,  the  avenue  leads  from  the  Second 
Hopper ,  west  one  mile,  then  S.  W.  to  the  ‘  Chief  City’  (D)  which  is 
six  miies  from  the  entrance.  This  avenue  is  from  60  to  100  feet,  in 
height,  and  about  the  same  in  width,  the  whole  distance  after  yoh 
leave  the  Second  Hoppers,  until  you  come  to  the  cross  roads  or  Chief 
City,  and  is  nearly  upon  a  level ;  the  floor,  or  bottom,  being  covered 
with  loose  limestones  and  saltpetre  earth. 

After  entering  the  Chief  City,  I  perceived  five  large  avenues 
leading  out  of  it,  from  60  to  100  feet  in  width,  and  from  40  to  80  in 
height.  The  walls  (all  of  stone)  are  arched,  and  are  from  40  to  80  feet 
perpendicular  height  before  the  arch  commences.  The  first  which  I 
traversed  after  cutting  arrows  on  the  stones  under  our  feet,  pointing 
to  the  mouth  of  the  cave  (in  fact  we  did  this  at  the  entrance  of  every 
avenue,  that  we  should  not  be  at  a  loss  for  the  way  out,  on  our  return) 
was  one  that  led  us  in  a  southerly  direction  for  more  than  two  miles. 
We  then  left  it,  and  took  another  that  led  us  east,  and  then  north,  for 
more  than  two  miles  further :  and  at  last,  in  our  windings,  were 
brought  out  by  another  avenue  into  the  Chief  City  again,  after  travers- 
ingdifferent  avenues  for  more  than  five  miles.  We  rested  ourselves  for 
a  few  minutes  on  some  limestone  slabs  near  the  centre  of  this  gloomy 
area;  and  after  having  refreshed  us,  and  trimmed  our  lamps,  we  took 
our  departure  a  second  time  through  an  avenue  almost  north,  and  pa¬ 
rallel  with  the  avenue  leading  from  the  Chief  City  to  the  mouth  of 
the  cave,  which  we  continued  for  upwards  of  two  miies,  when  we 
entered  the  Second  City  (E).  This  is  covered  with  one  arch,  nearly 
200  feet  high  in  the  centre,  and  very  similar  to  the  First  City ,  ex* 
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cept  in  the  number  of  avenues  leading  from  it ;  this  having  but  two. 
We  passed  through  it,  over  a  very  considerable  rise  in  the  centre, 
and  descended  through  an  avenue  which  bore  to  the  east  about  three 
hundred  rods,  when  we  came  upon  a  third  area  (L)  about  200  feet 
square  and  50  in  height,  which  had  a  pure  and  delightful  stream  of 
water  issuing  from  the  side  of  the  wall  about  tiO  feet  high,  and  which 
fell  upon  some  broken  stones  and  was  afterwards  entirely  lost  to  our 
view.  After  passing  this  beautiful  sheet  of  water  a  few  yards,  we 
came  to  the  end  of  this  passage. 

We  then  returned  about  one  hundred  yards,  and  entered  a  small 
avenue  (over  a  considerable  mass  of  stone)  to  our  left,  which  carried 
us  south,  through  an  uncommonly  black  avenue,  something  more  than 
a  mile,  when  we  ascended  a  very  steep  hill  about  60  yards,  which 
carried  us  w'ithin  the  walls  of  the  Fourth  City  (F),  which  is  not  infe¬ 
rior  to  the  second,  having  an  arch  that  covers  at  least  six  acres.  In 
this  last  avenue,  the  farther  end  of  which  must  be  four  miles  from  the 
Chief  City ,  and  ten  from  the  mouth  of  the  cave,  are  upwards  of  twenty 
large  piles  of  saltpetre  earth  on  one  side  of  the  avenue,  and  broken 
limestone  heaped  up,  evidently  the  work  of  human  hands. 

I  had  expected,  from  the  course  of  my  needle,  that  this  avenue 
would  have  carried  us  round  to  the  Chief  City ,  but  was  sadly  disap¬ 
pointed  when  I  found  the  end,  a  few  hundred  yards  from  the  Fourth 
City ,  which  caused  us  to  retrace  our  steps  ;  and  not  having  been  so 
particular  in  marking  the  entrances  of  the  different  avenues  as  I  ought, 
we  were  very  much  bewildered,  and  once  completely  lost  for  fifteen 
or  twenty  minutes.  At  length,  we  found  our  way,  and,  weary  and 
faint,  entered  the  Chief  City  at  ten  at  night.  We  now  entered  the  fifth 
and  last  avenue  from  the  Chief  City,  which  carried  us  south-east  about 
900  yards,  when  we  entered  the  Fifth  City  (G),  whose  arch  covers  up¬ 
wards  of  four  acres  of  level  ground  strewed  with  broken  limestone. 
Fire-beds  of  uncommon  size,  with  brands  of  cane  lying  around  them, 
are  interspersed  throughout  this  city. 

We  crossed  over  to  the  opposite  side,  and  entered  an  avenue  that 
carried  us  east  about  250  rods :  finding  nothing  interesting  in  this  pas¬ 
sage,  we  turned  back,  and  crossed  a  massy  pile  of  stone  in  the  mouth 
of  a  large  avenue,  which  I  noticed,  but  a  few  yards  from  this  last- 
mentioned  city,  as  we  came  out  of  it.  After  some  difficulty  in  pass¬ 
ing  over  this  mass  of  limestone,  we  entered  a  large  avenue,  whose 
walls  were  the  most  perfect  of  any  I  saw,  running  almost  due  south 
for  500  rods,  very  level  and  straight,  with  an  elegant  arch.  When  at 
(he  end  of  this  avenue,  and  while  I  was  sketching  a  plan  of  this  cave, 
one  of  my  guides,  who  had  been  some  time  groping  among  the  broken 
stone,  called  out,  requesting  me  to  follow'  him. 

I  gathered  up  my  papers  and  compass  ;  and  after  giving  my  guide, 
who  sat  with  me,  orders  to  remain  where  he  was  until  we  returned, 
and,  moreover,  to  keep  his  lamp  in  good  order,  I  followed  after  the 
first,  who  had  entered  a  vertical  passage  just  large  enough  to  admit  his 
body  ;  we  continued  stepping  from  one  stone  to  another,  until  at  last, 
after  much  difficulty  from  the  smallness  of  the  passage,  which  is  about 
ten  feet  in  height,  we  entered  on  the  side  of  a  chamber  at  least  180 
feet  in  circumference,  and  whose  arch  is  about  150  feet  high  in  the 
centre.  After  having  marked  arrows  pointing  downwards  upon  the 
slab-stones  around  the  little  passage  through  which  we  had  ascended, 
wc  walked  forward  nearly  to  the  centre  of  this  area. 

It  was  past  midnight  when  I  entered  this  chamber  of  eternal  dark¬ 
ness.  With  the  guide,  I  took  the  only  avenue  leading  from  this  cham¬ 
ber,' and  traversed  it  to  the  distance  of  a  mile  in  a  southern  direction. 
The  avenue,  or  passage,  was  as  large  as  any  that  we  had  entered  ; 
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and  how  far  we  might  have  travelled,  had  our  lights  held  out,  is  un¬ 
known. — It  is  supposed  that  Green  River ,  a  stream  navigable  for  boats, 
passes  over  three  branches  of  this  cave  (R  R  R). 

It  was  nearly  one  o’clock  when  we  descended  ‘  the  passage  of 
the  chimney,’  as  it  is  called,  to  the  guide  whom  I  had  left  seated  on 
the  rocks.  He  was  quite  alarmed  at  our  long  absence,  and  was  heard 
by  us  a  long  time  before  we  reached  the  passage  to  descend  to  him, 
hallooing  with  all  his  might,  fearing  we  had  lost  our  tract  in  the  ruins 
above.  Very  near  the  vertical  passage,  and  not  far  from  where  I  left 
my  guide  sitting,  I  found  some  very  beautiful  specimens  of  soda, 
which  I  brought  out  with  me.  We  returned  over  piles  of  saltpetre 
earth  and  fire-beds,  out  of  one  avenue  into  another,  until  at  last, 
with  great  fatigue  and  a  dim  light,  we  entered  the  walls  of  the  Chief 
City ,  where,  for  the  last  time,  we  trimmed  our  lamps,  and  entered 
the  spacious  avenue  that  carried  us  to  the  Second  Hoppers.  I  found, 
when  in  the  last-mentioned  large  avenue  or  upper  chamber,  many 
curiosities,  such  as  Glauber  salts,  Epsom  salts,  flint,  yellow  ochre, 
spar  of  different  kinds,  and  some  petrifactions,  which  1  brought  out, 
together  with  the  Mummy ,  which  was  found  at  the  Second  Hoppers  (B). 
We  happily  arrived  at  the  mouth  of  the  cave  about  three  in  the 
morning,  nearly  exhausted  with  nineteen  hours’  continued  fatigue. 

There  is  a  passage  in  the  main  avenue,  about  60  rods  from  the 
entrance,  like  that  of  a  trap  door  :  by  sliding  aside  a  large  flat  stone, 
you  can  descend  16  or  18  feet  in  a  very  narrow  defile,  where  the 
passage  comes  upon  a  level,  and  winds  about  in  such  a  manner  as  to 
pass  under  the  main  passage  without  having  any  communication  with 
it,  and  at  last  opens  into  the  main  cave  by  two  large  passages.  It  is 
called  Glauber  Salt-room ,  from  salts  of  that  kind  being  found  there  ; 
there  is  also  the  Sick  Room ,  the  Bat  Room ,  and  the  Flint  Room ,  all  of 
which  are  large,  and  some  of  them  quite  long.  The  last  I  shall  men¬ 
tion  is  a  very  winding  avenue,  which  branches  off  at  the  Second  Hop¬ 
pers,  and  runs  west  and  south-west  for  more  than  two  miles:  this  is 
called  the  Haunted  Chamber ,  from  the  echo  of  the  sound  made  in  it. 
The  arch  of  this  avenue  is  very  beautiful,  incrusted  with  limestone, 
spar,  and  in  many  places  the  columns  of  spar  are  truly  elegant,  ex¬ 
tending  from  the  ceiling  to  the  floor.  I  discovered  in  this  avenue  a 
very  high  dome  (T),  in  or  near  the  centre  of  the  arch,  apparently  50 
feet  high,  hung  in  rich  drapery,  festooned  in  the  most  romantic  man¬ 
ner  for  six  or  eight  feet  from  the  hanging,  and  in  colours  brilliant. 

The  columns  of  spar  and  the  stalactites  in  this  chamber  are  ex¬ 
tremely  romantic  in  their  appearance,  with  the  reflection  of  one  or 
two  lights.  There  is  a  chair  formed  of  this  spar,  called  Wilkins's 
Arm-chair ,  which  is  very  large,  and  stands  in  the  centre  of  the  ave¬ 
nue,  and  is  encircled  with  many  smaller  ones.  Columns  of  spar 
fluted,  and  studded  with  knobs  of  spar  and  stalactites,  drapery  of 
various  colours  superbly  festooned,  and  hung  in  the  most  graceful 
manner,  are  shown  with  brilliancy  from  the  reflection  of  lamps. 

A  part  of  the  Haunted  Chamber  is  directly  over  the  Bat  Room , 
which  passes  under  the  Haunted  Chamber ,  without  having  any  con¬ 
nexion  with  it.  My  guide  led  me  into  a  very  narrow  defile  on  the 
left  side  of  this  chamber,  and  about  100  yards  from  Wilkins's  Arm¬ 
chair,  over  the  side  of  a  smooth  limestone-rock,  10  or  12  feet,  which 
we  passed  with  much  precaution  ;  for  had  we  slipped  from  our  hold, 
wre  had  gone  6  to  that  bourne  whence  no  traveller  returns,’  if  I  may 
judge  from  a  cataract  of  water,  whose  dismal  sound  we  heard  at  a 
considerable  distance  in  this  pit,  and  nearly  under  us.  However, 
we  crossed  in  safety,  clinging  fast  to  the  wall,  and  winding  down 
under  the  Haunted  Chamber ,  and  through  a  very  narrowr  passage  for 
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SO  or  40  yards,  when  our  course  was  west,  and  the  passage  20  or 
30  feet  in  width,  and  from  10  to  18  high,  for  more  than  a  mile.  At 
the  further  part  of  this  avenue,  we  came  upon  a  reservoir  of  water, 
apparently  having  neither  inlet  nor  outlet  (X). 

We  returned  by  the  beautiful  pool  of  water,  which  is  called  the 
Pool  of  Clitorius.  On  our  way' back  to  the  narrow  defile,  I  had  some 
difficulty  in  keeping  my  lights,  for  the  bats  were  so  numerous  and 
continually  in  our  faces,  that  it  was  next  to  impossible  to  get  along 
in  safety.  We  returned  by  Wilkins’s  Arm-chair ,  and  back  to  the 
Second  Hoppers.  It  was  at  this  place  I  found  the  Mummy ,  (see  the  en¬ 
graving,)  where  it  had  been  carried  from  another  part  of  the  cave, 
for  preservation.  It  is  a  female,  about  six  feet  in  height,  and  so  per¬ 
fectly  dried  as  to  weigh  but  twenty  pounds  when  I  found  it.  The 
hair  on  the  back  part  of  the  head  is  rather  short,  and  of  a  sandy 
hue  ;  the  top  of  the  head  is  bald, — and  the  eyes  sunk  into  the  head  ; 
the  nose,  or  that  part  which  is  cartilaginous,  is  dried  down  to  the 
bones  of  the  face  ;  the  lips  are  dried  away,  and  discovered  a  fine  set 
of  teeth,  white  as  ivory.  The  hands  and  feet  are  perfect,  even  to  the 
nails,  and  very  delicate  like  those  of  a  young  person;  but  the  teeth 
are  worn  as  much  as  a  person’s  at  the  age  of  fifty.  The  entire 
Cavern  has  palpably  been  the  channel  of  a  river ;  the  furrows  worn 
by  which  are  still  visible  on  the  sides  and  in  the  floor. 

The  stupendous  Cavern  on  the  north  bank  of  the  Black  River, 
opposite  the  village  of  Watertown,  from  the  great  extent  of  the  ca¬ 
vern,  and  the  great  number  of  spacious  rooms,  halls,  and  chambers, 
into  which  it  is  divided,  it  is  difficult,  if  not  impossible,  to  describe. 
—The  mouth  of  the  cavern  is  in  a  small  hollow,  about  five  feet  be¬ 
low  the  surrounding  surface  of  the  earth.  The  descent  is  by  sixteen 
feet  and  a  half  into  a  room,  in  w  hich  is  a  table  rock,  twelve  or  four¬ 
teen  feet  square,  two  feet  thick,  and  elevated  about  four  feet  from  the 
bottom  of  the  cavern,  the  roof  over-head  covered  with  stalactites,  some 
of  which  reach  to  the  table  rock.  On  the  left  is  an  arched  way  of 
one  hundred  and  fifty  feet,  and  on  the  opposite  side  is  another 
arched  way,  which  leads  into  a  large  room.  Another  arch  leads 
into  a  hall  ten  feet  wide  and  100  feet  long,  from  five  to  eight  feet 
,  high,  supported  with  pillars  and  arches,  and  the  sides  bordered  with 
curtains,  plaited  in  variegated  forms,  as  white  as  snow.  Near  the 
middle  of  this  hall  is  an  arched  way,  leading  to  a  large  room, 
which,  like  the  hall,  is  bordered  with  curtains,  and  hung  over  with 
stalactites.  The  descent  is  by  ten  feet,  into  a  chamber  about  twenty 
feet  square  and  two  feet  high,  hung  over  with  stalactites.  Descend¬ 
ing  from  this  chamber,  and  passing  through  another  arch  into  a  hall, 
bv  the  side  is  a  basin  of  water,  rising  about  four  inches  from  the 
floor.  The  number  and  spaciousness  of  the  rooms,  curtained  and  plaited 
with  large  plaits,  extending  along  the  walls  from  two  to  three  feet 
from  the  roof,  of  the  most  perfect  whiteness,  resembling  the  most 
beautiful  tapestry,  with  which  the  rooms  are  embroidered  ;  and  the 
large  drops  of  water,  which  are  constantly  suspended  on  the  points 
of  innumerable  stalactites,  which  hang  from  the  roofs  above  ;  and 
the  columns  of  spar  resting  on  pedestals,  which,  in  some  places, 
appear  to  be  formed  to  support  the  arches  above  the  reflection  of 
the  lights,  and  the  great  extent  and  variety  of  the  scenery  of  this 
amazing  cavern, — form,  altogether,  a  sublime  spectacle. 

In  the  limestone  country  of  Virginia,  in  North  America,  are  several 
Caverns;  among  which  the  most  celebrated  is  Madison’s  cave,  on  the 
north  side  of  the  Blue  Ridge.  Its  entrance  is  about  two-thirds  high,  in 
a  moderately  elevated  hill,  into  which  it  extends  about  300  feet, 
branching  out  into  subordinate  caverns,  sometimes  ascending  a  little. 
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but  more  generally  descending,  and  at  length  terminates  at  different 
places,  in  two  basins  of  water,  of  unknown  dimensions,  that  are  never 
tar”ld*  .  F^  *ault  «f  thl.s  cave  is  of  solid  limestone,  from  20  to  40  or 
?.  feet  high,  through  which  water  perpetually  percolates;  and  trick¬ 
ling  down  its  sides,  has  incrusted  them  with  elegant  drapery,  or 

below”8  fr°m  the  t0P’  §enerates  conical  stalactites  both  above  and 

In  Cochin  China,  one  most  remarkable  grotto  traverses  a  mountain 
throughout:  its  entrance  and  its  exit  being  terminated  by  two  fertile 
p  ams.  ie  bottom  is  covered  with  water,  which  may  be  navigated 
'?  vefsels’  an^  the  roof,  which  is  very  lofty  in  some  places,  decreases 
e  sewhere  to  8  or  10  feet.  There  is  another  in  the  same  chain  of 
mountams,  of  vast  extent,  but  abounding  in  deleterious  exhalations; 
an^,^vater  of  a  canal  covering  its  bottom  is  dangerous  to  be  drank. 

.*le,  Yrotto  del  Cane,  beside  the  lake  Agnano,  in  Italy,  is  of 
united  dimensions,  being  only  12  feet  deep,  4  broad,  and  9  in  height  at 
the  entrance.  I  he  celebrity  of  this  grotto,  which  has  long  been  known, 
is  owing  to  pestilential  exhalations  arising  from  the  earth;  and  it  re- 
ceives  its  name  from  the  animal  which  is  usually  selected  to  demon¬ 
strate  their  presence.  If  a  dog  be  brought  w  ithin  the  sphere  of  the 
deleterious  vapour,  which  remains  within  18  inches  of  the  surface,  its 
respiration  immediately  becomes  affected — the  abdomen  contracts— 
the  eyes  are  fixed — and  the  tongue,  now  of  a  livid  hue,  hangs  out 
during  the  first  minute,  while,  in  the  next,  the  animal  is  totally  de¬ 
prived  of  motion.  Death  would  inevitably  follow,  but,  on  beina* 
speedily  withdrawn,  the  lungs  resume  their  play,  and  the  creature 
gradually  recovers  its  wonted  strength  and  vigour;  nevertheless  a 
severe  shock  has  been  sustained,  as  the  dog  cannot  support  the  expe¬ 
riment  above  12  or  15  times  without  destruction;  in  which  event  it  dies 
in  convulsions.  The  Abbe  Nollet,  on  stooping  to  inhale  the  vapour, 
relt  as  if  he  had  swallowed  boiling  water  on  the  first  inspiration^  yet 
pioducing  no  painful  sensations.  On  lowering  his  face,  a  kind  of 
sulrocation  was  experienced;  and,  probably,  had  the  experiment  been 
continued  longer,  dangerous  consequences  would  have  ensued.  The 
vapour  is  whitish,  and  possesses  some  degree  of  heat:  it  never  rises 
above  18  inches  from  the  earth;  and  a  torch  immersed  in  it  is  ex¬ 
tinguished,  w  hile  the  black  smoke  rolls  over  its  surface  without  pene¬ 
trating  deeper.  1 

The  Peak  of  Derbyshire,  consists  of  a  chain  of  high  mountains, 

d  is  celebrated  for  its  mineral  productions,  natural  curiosities,  and 
wonders ;  which  we  shall  briefly  notice,  as  they  are  fully  detailed  in  a 
popular  work,  entitled  the  Hundred  Wonders  of  the  World.  Six  of 
inataya1’  n^ely,  the  Peak  Cavern,  or  the  Devil’s  Hole, 
Pool  s  Hole,  Elden  Hole,  Mam  Tor,  St.  Anne’s  Well,  and  the  Ebbing 
and  I  lowing  Well.  & 

Peak  Cavern,  also  called  the  Devil’s  Hole,  lies  in  the  vicinity  of 
C  astleton,  and  is  approached  by  a  path  at  the  side  of  a  clear  rivulet 
leading  to  the  fissure,  or  separation  of  the  rock,  at  the  extremity  of 
which  is  the  cavern;  in  front,  overhung  by  a  vast  canopy  of  rock, 
assuming  the  appearance  of  a  depressed  arch,  one  hundred  and  twenty 
leet  wide,  forty-two  high,  and  in  receding  depth,  about  ninety.  At 
about  ninety  feet,  the  roof  becomes  lower,  and  a  gentle  descent  leads 
♦if  V d^tached  r<>ck,  to  the  interior  of  this  tremendous  hollow.  Here 
the  light  of  day  wholly  disappears;  and  the  visitor  is  provided  with  a 
toicfi  to  illume  his  further  progress.  See  the  Engraving. 

vs  n,?Y  Proceeds  about  twenty  yards,  to  a  spacious  opening,  named 
the  Kell-house,  and  thence  to  a  small  lake,  the  First  Water,  about  forty 

,eet  loa£?  and.  two  or  three  deep,  over  which  he  is  conveyed  in  a 
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boat  to  the  interior  of  the  cavern,  beneath  a  massive  vault  of  rock, 
which  in  some  parts  descends  almost  to  the  water.  M.de  at.  1 'on a 
says,  “We  stood  some  time  on  the  brink  of  this  lake  ;  and  the  tig  1  o 
our  dismal  torches,  which  emitted  a  black  smoke,  reflecting  our  pa  e 
images  from  its  bottom,  we  almost  conceived  we  saw  a  troop  o  spec¬ 
tres  starting  from  an  abyss  to  welcome  us.  The  illusion  was  ex  reme- 
B  v  striking 

On  landing,  the  visitor  enters  a  spacious  vault,  220  feet  long,  200 
broad,  and  in  some  parts  120  high,  in  the  bosom  of  the  rock  ;  but  ti  om  tie 
want  of  light,  neither  the  distant  sides,  nor  the  roof  are  seen.  At  tne 
inner  extremity,  the  stream  spreads  into  the  Second  Water.  Bey  on 
which,  opens  another  tremendous  hollow,  called  the  Chancel,  where  t.  e 
rocks  are  much  broken,  and  the  sides  covered  with  stalactics  ant  pe¬ 
trifactions.  The  path  now  leads  to  a  place  whimsically  called  tne 
DeviVs  Cellar ,  and  Half-way  House ,  and  thence,  by  three  natural  ana 
regular  arches,  to  a  vast  concavity,  which,  from  its  unifoim  be  -  i  e 
appearance,  is  called  Great  Tom  of  Lincoln. 

The  entire  length  of  this  wonderful  cavern  is  2250  feet,  nearly  nail 
a  mile  ;  and  its  depth,  from  the  surface  of  the  Peak  mountain,  about 

620  feet.  . 

Pool’s  Hole,  about  a  mile  west  of  Buxton,  is  a  vast  natural  cavern 

in  a  limestone  rock,  once  the  residence  of  an  outlaw,  named  1  ool.  me 
entrance  is  low  and  contracted,  and  the  passage  narrow^;  but  wi  ens 
into  a  lofty,  spacious  cavern,  from  w  hose  roof  stalactites  hang  in  spira 
masses  ;  or  drop  to  the  floor  and  rise  in  cones,  termed  stalagmites. 

One  immense  stalactite,  called  the  flitch  of  bacon;  another,  sur¬ 
prisingly  large,  is  named  Mary  Queen  of  Scots ’  Pillar ,  that  un  or  u- 
nate  queen  having  visited  the  cavern,  and  proceeded  thus  tar  in  a  l  s 
recesses.  The  cavern  terminates  at  nearly  three  hundred  feet  beyon 
the  Queen  of  Scots’  pillar.  In  one  part  is  a  fine  spring  ot  transpa¬ 
rent  water ;  and  a  small  stream,  more  considerable  in  rainy  seasons, 
runs  the  whole  length  of  the  cavern,  which  resembles  the  interior  ot  a 
Gothic  cathedral,  and  has  a  fine  effect.  , 

Elden  Hole,  on  the  side  of  a  hill  about  a  mile  north-west  ot  the 
village  of  Peak  Forest,  is  a  deep  chasm  in  the  ground,  surrounded  by 
a  wall  of  uncemented  stones,  and  the  mouth  opens  horizontally,  trom 
north  to  south  ;  its  shape  is  that  of  an  irregular  ellipsis,  about  ninety 
feet  long,  and  twenty-seven  broad  where  widest.  The  northern  end  is 
fringed  with  small  trees  ;  and  moss  and  underwood  grow  out  ot  the 
crevices  on  each  side,  to  the  depth  of  forty  or  fifty  feet.  As  the  fis¬ 
sure  recedes  from  the  surface,  it  gradually  contracts;  and  at  tie  cp 
of  about  seventy  feet,  inclines  so  considerably  to  the  w  est,  as  to  pre¬ 
vent  its  course  being  further  traced.  Notwithstanding  the  obstacles  ot 
the  bushes  and  projecting  masses  of  stone,  it  was  sounded,  and  its 
depth  found  not  to  exceed  two  hundred  and  two  feet.  #  .  . 

Mam  Tor,  or  the  Shivering  Mountain,  is  a  huge  precipice  lacing 
the  south-east,  composed  chiefly  of  a  peculiar  kind  of  slate,  whic  , 
though  very  hard  in  its  bed,  very  easily  crumbles  to  dust  on  ex¬ 
posure  to  the  air.  Hence  it  is  perpetually  wasted  by  the  ram  and 
snow;  while  the  masses  of  stone,  thus  loosed  and  disengaged,  tall  trom 
their  positions,  with  a  rushing  noise  occasionally  so  loud  as  to  be 
heard  at  Castleton,  a  distance  of  two  miles,  and  covering  the  valley 

beneath  with  their  fragments.  .  ., 

The  Three  Mile  Cavern  is  an  immense  vacuity,  which  receives  its 
name  from  its  supposed  extent.  The  descent  is  accomplished  with 
much  difficulty  for  420  feet,  and  introduces  the  spectator  to  two  or  three 
lofty  caverns,  beautifully  enamelled  with  spar.  “  Penetrating  still 
farther,”  says  Sir  Richard  Sullivan,  “  we  forced  our  way  with  infinite 
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ugg  e§,  through  a  narrow  space  between  two  rocks,  and  thence 
°Ur  h,and.s  and  knees,  were,  for  the  full  distance  of  a  mile, 
,  .,ge‘  ®  crwl,  without  ever  daring  to  lift  up  our  heads,  the  passage 

being  both  low  and  craggy  ;  and  as  it  was  likewise  filled  with  mud, 
f  ’  aa  u  multltude  of  bits  of  rock,  our  progress  was  painful  indeed; 

S  1  5  owover,  hoped  for  something  better.  On  we  accordingly 
+KCe  6  ’  *l  a  drea^fn^  noise,  rumbling  along  the  horrible  crevices 
or  the  cave,  gave  us  to  understand  we  were  near  a  river.  To  this  then 
e  urrie  ;  but  description  is  inadequate  to  any  thing  like  a  represen- 
™  ?  e  scene ;  a  vast  ocean  seemed  roaring  in  upon  us;  in  some 
places  bursting  with  inconceivable  impetuosity;  and  at  others  falling 
rough  dreadful  chasms,  burst  into  shaggy  forms  to  give  it  vent.  Al¬ 
together  the  depth  we  had  descended  was  about  140  fathoms,  or  980 
ee  ,  and  tue  length  about  three  miles,  according  to  the  miners’  calcu- 
a  ion.  Neither  at  this  distance  were  we  at  the  end;  a  passage  still 
continued ;  but  so  filled  with  water,  and  so  full  of  peril,  that  the 
miners  themselves  were  averse  to  further  trial.” 

The  Ebbing  and  Flowing  Well,  is  in  a  steep  hill,  in  the  vicinity 
*ea-le-Frith.  Its  form  is  irregular,  approaching  a  square, 
ar  iree  eet  deep,  and  about  twenty  feet  wide.  Its  ebbings  and 
owings  are  dependent  on  the  rain  which  falls  in  the  different  seasons; 
and  can  only  be  perceived  by  the  slow  movement  of  the  blades  of  grass, 
o  ler  light  bodies  floating  on  the  surface  ;  yet  before  the  expiration  of 
minute,  the  water  issues  with  a  gurgling  noise  in  considerable  quan¬ 
tities,  from  several  small  apertures  on  the  south  and  west  sides.  The 
interval  of  time  between  the  ebbing  and  flowing  varies,  as  does  con¬ 
sequently  the  proportion  of  water  it  discharges,  at  different  periods, 
in  five  minutes  flowing,  the  water  occasionally  rises  six  inches ;  and 
quie^cent^10111”  &  feW  seconds  .stationary,  the  well  again  becomes 

St.  Anne’s  Well  is  classed  among  the  wonders  of  the  Peak,  on  ac- 
count  of  this  singularity— that  within  five  feet  of  the  hot  spring  by 

saPPlied’  a  cold  one  ar^es.  This  is  not,  however,  the  only 
1  of  the  kind,  since  hot  and  cold  springs  rise  near  each  other  in 
many  parts  of  England,  and  in  other  countries.  The  hot  ones  are 
caused  by  the  water  passing  through  local  beds  of  pyrites. 

ft,,^KEY-|HoJLuE^OIlJthe  south  of  the  Mendip  Hills,  near  Wells,  is 
s  described  by  Goldsmith Imagine  a  precipice,  more  than  100  yards 
nigh,  on  the  side  of  a  mountain  which  shelves  away  a  mile  above. 
Ihe  entrance  is  an  aperture  not  very  large,  and  the  course  is  along  an 
uneven,  rocky  pavement,  alternately  ascending  and  descending.  The 
roof  rises  inwards,  and  in  some  places  is  50  feet  from  the  floor,  yet  in 
others  not  above  five,  whence  hang  stalactites,  by  strong  fancy  likened 
_o  men,  lions,  organs,  &c.  The  whole  extent  is  200  yards  ;  and  at 
the  inmost  part  rises  a  stream  of  water,  well  stored  with  fish. 

enpark  Hole,  in  Gloucestershire,  is  also  very  remarkable,  and 
contains  a  cavern  225  feet  long,  and  123  broad,  and  below  it  are  other 
lecesses  to  the  depth  of  200  feet.  Captain  Sturmey,  whose  death  was 
caused  by  his  desire  fully  to  explore  its  peculiarities,  descended  by 
a  rope  of  25  fathoms  perpendicular,  and  found  at  the  bottom  a  large 
vault  soaped  like  a  horse  shoe  ;  the  floor  a  white  stone,  enamelled  with 
lead  ore,  and  the  pendant  rocks  glazed  with  spar.  On  this  pavement, 
proceeding  forward,  he  came  to  a  river,  20  fathoms  broad,  and  8  deep  ; 
a.n  ,  avin£  been  told  that  this  ebbed  and  flowed  with  the  sea,  he  tar- 
1  .  “ve  hours, to  make  exact  observations.  On  his  return  he  was 
seized  with  head-ach  and  fever,  which  proved  fatal. 

he  Crystallized  Cavern,  is  in  the  vicinity  of  Bradwell.  The 
^trance  JS  rather  terrific  than  grand  ;  and  the  descent  for  about  thirty 
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paces  very’abrupt.  Then  is  a  low  inclined  way,  near  a  quarter  of  a  mile 
long.  The  different  crystallizations  which  now  attract  the  visitor’s  at¬ 
tention,  make  him  forget  the  irksomeness  of  the  road,  and  banish 
every  idea  of  fatigue.  In  the  Music  Chamber,  the  petrifactions  resem¬ 
ble  the  pipes  of  an  organ  ;  in  other  parts,  stalactites  form  elegant  small 
colonnades.  About  a  hundred  paces  further,  by  a  rugged  descent,  he 
enters  the  Grotto  of  Paradise,  which  is  a  beautiful  crystallized  cavern, 
about  twenty  feet  long,  and  twelve  feet  high,  pointed  at  the  top  like  a 
gothic,' arch,  with  unnumbered  large  stalactites  hanging  from  the  roof. 
Continuing  the  route,  the  visitor  at  length  reaches  the  extremity  of 
the  cavern,  upwards  of  2000  feet  from  the  entrance,  and  the  Grotto  of 
Calypso ,  seen  to  most  advantage  by  ascending  about  six  feet  into  a  re¬ 
cess,  whence  !the  beautiful  appearances  of  the  crystallizations,  some 
of  an  azure  cast,  and  the  reverberating  echoes,  make  him  fancy  that  he 
has  reached  the  secluded  retreat  of  some  mythological  deity.  He  then 
returns  by  the  same  path  for  a  considerable  distance,  to  another  ca¬ 
vern  ;  in  a  south-western  direction,  the  roads  are  more  difficult  but  the 
stalactites  are  most  beautiful.  Many,  above  a  yard  in  length,  are  pen¬ 
dant  from  the  roof,  and  few  exceed  in  dimension  the  smallest  reed. 

The  Slochd  Altriman,  or  the  Nursling  Cave,  in  the  Isle  of  Skye. — 
The  grand  access  to  the  cave  is  formed  by  two  immense  walls  of  free¬ 
stone,  separated  30  feet  asunder,  rising  above  100  feet  in  perpendicular 
height,  and  stretching  out  in  a  straight  line  from  the  shore.  Here  the 
tide  flows  in  about  400  feet;  but,  at  low  water,  the  bottom  is  rough, 
and  covered  with  slippery  weeds.  These  obstructions  being  sur¬ 
mounted,  a  magnificent  rugged  arch,  of  a  Gothic  form,  is  presented  to 
the  spectator,  and  on  one  side  an  inferior  cave,  with  many  lateral 
crevices.  This  great  aperture  is  embellished  with  innumerable  dark 
green  stalactites,  of  various  sizes;  some  descending  to  the  ground,  and 
forming  pillars  overgrown  with  moss,  which,  with  the  intermixture  of 
vivid  foliage,  brown  heath,  and  wild  flowers,  produces  an  interesting 
combination.  Close  to  the  entrance  of  this  grotto,  there  is,  as  it  were 
cut  out  of  the  stone,  a  small  fountain  of  pure  water,  surrounded  by 
rocky  pillars,  and  the  water  collected  in  the  cistern  is  derived  from 
the  exudation  of  the  rock  above.  A  passage  about  9  feet  broad,  and 
from  15  to  20  in  height,  conducts  the  visitor  almost  on  a  perfect  level 
for  20  yards,  when  a  steep  ascent,  for  55  feet,  leads  up  a  bank  of 
earth,  sand,  and  small  broken  whinstone ;  another  acclivity  now  com¬ 
mences,  more  difficult  to  overcome,  of  irregular  surface,  resembling  a 
solid  cascade,  or  frozen  snow,  and  sparkling  with  crystallizations. 
Advancing  a  few  yards,  the  principal  entrance  to  the  interior  grotto 
is  gained,  8  feet  broad,  and  12  in  height,  universally  white  as  marble, 
and  variously  decorated  with  beautiful  incrustations.  Thousands  of 
icicles  of  pure  white  spar  are  suspended  from  the  roof,  like  the  fes¬ 
toons  of  a  curtain,  giving  the  whole  a  finished  appearance.  The 
breadth,  on  proceeding  still  farther,  enlarges  to  10  feet,  and  the  height 
to  40,  while  the  wffiite  marble  spar  continues  rough  and  uneven;  and 
it  is  only  after  traversing  35  feet  of  this  gallery,  that  the  proper  ex¬ 
cavation,  which  has  been  denominated  the  Spar  Cave,  is  reached.  It 
consists  of  a  circular  vacuity,  about  20  feet  in  diameter,  with  a  lofty 
roof,  and  a  pool  at  the  bottom,  contained  in  a  marble  cistern.  But  the 
whole  exhibits  the  most  brilliant  spectacle  which  imagination  can 
conceive.  Another  declivity,  similar  to  that  which  conducted  the  spec¬ 
tator  to  the  cave,  leads  down  to  the  pool,  which  is  65  feet  in  circuit, 
5  feet  deep,  and  of  cooler  temperature  than  the  external  atmosphere. 
It  resembles  a  large  marble  bath,  of  pellucid  water,  the  bottom  and 
sides  being  of  the  purest  white.  It  occupies  so  much  of  the  base  of 
the  grotto,  that  a  person  cannot  walk  round  it.  On  its  margin  the 
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spectator  finds  himself  standing  in  a  magnificent  apartment,  wholly 
consisting  of  the  most  brilliant  spar,  glittering  on  all  sides,  and  emitting 
myriads  of  rays,  which  are  reflected  from  the  bottom  of  the  pool. 
Crossing' the  pool  on  a  plank,  a  gallery  of  great  height,  but  only  three 
feet  wide,  is  found,  which  leads  to  farther  passages,  imperfectly  ex¬ 
plored.  Its  entrance  is  formed  by  two  large  columns,  of  pure  spar; 
that  on  the  left  of  rustic  conformation,  6  feet  in  circumference,  and  16 
high ;  but  that  on  the  right  rather  resembles  a  work  of  art.  It  is  of 
more  surprising  structure,  and  more  elegant  appearance,  than  any  of 
the  other  figures  which  the  spar  of  this  grotto  has  assumed.  These 
beautiful  productions  abruptly  cease  at  the  distance  of  about  250  feet 
from  the  mouth  of  the  cave,  and  the  bare  black  rock  is  exposed. 

Petrifactions,  so  often  found  in  caverns,  consist  of 
stony  matter,  deposited  either  in  the  way  of  incrusta¬ 
tion,  or  within  the  cavities  of  organized  substances. 
Calcareous  earth  being  universally  diffused,  and  capa¬ 
ble  of  solution  in  water,  either  alone,  or  by  the  medium 
of  carbonic  acid  or  sulphuric  acid,  which  are  likewise 
very  abundant,  is  deposited  whenever  the  water  or  the 
acid  becomes  dissipated.  In  this  way  we  have  incrus¬ 
tations  of  limestone,  or  of  selenite  in  the  form  of  sta¬ 
lactites  or  dropstones  from  the  roofs  of  caverns,  and  in 
various  other  situations.  This  simple  principle  of  che¬ 
mical  deposition,  operating  under  different  circum¬ 
stances,  will  account  for  a  great  number  of  striking  ap¬ 
pearances  observed  in  the  bowels  of  the  earth. 

In  our  small  and  hasty  experiments,  a  speedy  and 
copious  solution  of  matter  is  required,  and  we  do  not 
scruple  to  declare  that  substance  insoluble,  which  re¬ 
quires  one  or  two  thousand  times  its  weight  of  a  fluid 
to  dissolve  and  suspend  it.  But  in  the  extensive  and 
long  continued  operations  of  nature,  a  much  less  solu¬ 
bility  will  be  sufficient  to  produce  very  marked  effects. 
Hence,  we  may  without  difficulty  account  for  the  sili¬ 
ceous  stalactics,  as  well  as  the  crystallized  depositions 
of  metallic  bodies  by  us  taken  to  be  insoluble. 

The  most  remarkable  observations  relative  to  petri¬ 
factions  are  thus  given  by  Kirwan : 

1st.  That  those  of  shells  are  found  on  or  near  the  surface  of  the 
earth;  those  of  fish  deeper;  and  those  of  v/ood  deepest.  Shells  in 
species  are  found  in  immense  quantities  at  considerable  depths. 

2nd.  That  those  organic  substancesffhat  resist  putrefaction  most,  are 
frequently  found  petrified;  such  as  shells  and  the  harder  species  of 
woods:  on  the  contrary,  those  that  are  aptest  to  putrefy  are  rarely 
found  petrified  ;  as  fish,  the  softer  parts  of  animals,  &c. 

3rd.  That  they  are  most  commonly  found  in  strata  of  marl,  chalk, 
limestone,  or  clay  ;  seldom  in  sand-stone  ;  still  more  rarely  in  gypsum  ; 
but  never  in  gneiss,  granite,  basaltes,  or  schorl ;  but  they  sometimes 
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occur  among  pyrites,  and  ores  of  iron,  copper,  and  silver;  and  almost 
always  consist  of  that  species  of  earth,  stone,  or  other  mineral  that 
surrounds  them  ;  sometimes  of  silex,  agate,  or  cornelian. 

4th.  That  they  are  found  in  climates  where  their  originals  could  not 
have  existed. 

5th.  That  those  found  in  slate,  or  clay,  are  compressed  and  flat¬ 
tened. 

The  arrangement  of  petrifactions  by  Cronstedt,  is 
made  under  four  heads  ;  earthy,  saline,  inflammable,  and 
metallic.  Calcareous  petrifactions  are  :  1.  Chalk,  in 
the  form  of  vegetables  or  animals,  either  loose  or  fria¬ 
ble  :  or,  2.  Filled  with  solid  limestone.  Siliceous  petri¬ 
factions  are  of  the  nature  of  agate.  Cornelians  have 
been  found  in  the  form  of  shells,  at  the  river  Tomm  in 
Siberia ;  agate  in  the  form  of  wood  ;  coralloids  (mille- 
pora)  of  white  flint ;  and  wood  of  yellow  flint.  This 
last  is  the  produce  of  Italy,  Adrianople,  and  Lough 
Neagh,  a  lake  in  Ireland :  it  is  the  hone  used  in 
sharpening  razors.  Argillaceous  petrifactions  have  been 
observed  in  the  form  of  the  roots  of  trees  :  the  osteo- 
colla  is  of  this  kind.  Saline  petrifactions  are  extra¬ 
neous  bodies  penetrated  by  mineral  salts.  Human  bo¬ 
dies  have  been  twice  found  in  the  mine  at  Fahlun  in  Swe¬ 
den.  The  turf  and  roots  of  trees,  which  are  found  in 
water  strongly  impregnated  with  sulphat  of  iron,  are 
considerably  changed  in  their  nature.  They  do  not 
burn  with  a  flame,  but  only  like  a  coal  in  a  strong  fire, 
neither  do  they  decay  in  the  air.  Extraneous  bodies 
penetrated  by  mineral  inflammable  matter  appear  to  be 
of  the  nature  of  pit-coal :  of  this  kind  is  jet. 

Vegetables  are  found  penetrated  with  asphaltum  in  a 
state  of  less  preservation  than  jet.  The  compound  of 
sulphur  and  iron,  or  martial  pyrites,  is  likewise  the 
agent  of  petrifactions.  Metallic  petrifactions  are  :  1 .  Sil¬ 
ver,  either  native  on  the  surfaces  of  shells  in  England, 
or  mineralized  with  copper  and  sulphur  in  the  fahlertz 
or  gray  silver  ore,  in  form  of  ears  of  corn,  &c.  and  sup¬ 
posed  to  be  vegetables  :  these  are  found  in  argillaceous 
slate.  2.  Copper,  which  is  either  in  the  form  of  oxide,  or 
mineralized.  The  oxide  of  copper  is  deposited  in  the 
parts  of  animals.  Mineralized  copper,  or  the  cupreous 
pyrites,  penetrates  shells,  and  is  also  found  in  the  form 
of  fish  in  various  parts  of  Germany.  The  ferruginous 
petrifactions  likewise  consist  of  iron,  either  in  the  form 
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of  an  oxide,  which  has  assumed  the  place  or  shape  of 
extraneous  bodies  (and  consists  chiefly  of  vegetables  in 
the  form  of  ochre  or  hematites) ;  or  else  the  martial  py¬ 
rites,  which  has  operated  as  the  agent  of  petrifaction. 

All  the  parts  of  the  earth  are  palpably  connected  ; 
air,  water,  earths,  plants,  minerals,  animated  and  inani- 
mated  substances,  are  all  linked  together  by  some  cor¬ 
respondence  between  causes  and  effects  :  every  being 
in  the  universe  is  related  to  some  other,  and  operated 
upon  by  it;  and  thus  there  cannot  be  a  doubt  but  that 
nature  is  in  continual  action,  and  that  her  springs  are 
as  powerful  under  our  feet,  as  they  are  over  our  heads. 
But,  though  the  characters  of  nature  are  thus  legible, 
they  are  not,  as  we  perceive,  so  plain,  as  to  enable 
those  who  run  to  read.  Caution  and  discrimination 
must  guard  the  inquirer.  We  must  not  attempt  to  fly, 
when  we  can  scarcely  pretend  to  creep. 

Man  opened  his  eyes  and  began  to  think  but  yester¬ 
day.  He  is  a  mere  emmet  in  the  creation,  with  senses 
and  powers  almost  as  limited  as  his  days  and  his  stature. 
In  arriving  at  knowledge  he  must,  therefore,  examine 
every  distinct  ingredient  in  the  composition;  and  reduce 
every  thing  to  its  elementary  simplicity.  Phenomena 
accumulate  on  phenomena,  but  the  eager  man  feels  them 
only  in  the  extent  of  his  own  feeble  powers  of  explana¬ 
tion.  Beyond  the  measure  of  his  own  understanding',  he 
scarcely  deigns  to  cast  a  consideration.  Ignorant  of  gene¬ 
ral  causes,  he  pretends  to  generalize  like  the  Almighty- 
Fabricator  of  the  Universe.  How  rash  and  hazardous 
the  folly!  In  the  approaches  to  sound  philosophy,  how 
infinitely  more  wise,  to  confess  the  small  extent  of  our 
acquisitions  ;  and  soberly  to  proceed  from  the  principle 
of,  I  know  nothing,  to  the  more  enlightened  point  of  ex¬ 
periment,  and  certain  observation  !  What  awe  in  the 
contemplation  of  the  energies  and  the  laws  of  material 
and  immaterial  existence ;  of  the  generation  and  the 
destruction  of  those  things,  that  appearing’  merely  for 
an  instant  on  the  stage  ot  this  world,  are  yet  joined  by 
indissoluble  ties,  to  those  which  have  had  being,  and  to 
those  which  shall  in  futurity  have  form, — combining  to¬ 
gether  the  eternal  energy  and  chain  of  the  operations  of 
nature  in  the  laws  of  matter  and  motion. 
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Cheshire,  Salt  Districts  in  •  •  523 
Chantonnay,  Meteors  beheld 
near .  259 


- Meteoric  stone 

found  near . ib. 

Chaptal,  Count,  his  valuable 
Strictures  on  Geological 

Revolutions  . 383 

Charmouth,  account  of  Cliffs 

taking  fire  at .  391 

Chassigny,  falling  of  a  meteo¬ 
ric  stone,  near  . 259 

Chimborazo  Mountains  de¬ 
scribed  . 501 

Chrome . 527 

Cirrus,  formation,  changes, 

and  varieties  of  the .  196 

■—■■■  ■  —  devastating  effects  at 

Java,  of  the . 207 

Cirrocumulus,  formation  and 

changes  of  the .  200 

Cirrostratus,  formation,  varie¬ 
ties,  and  changes  of  the  • •  202 

Clay,  stratum  of .  363 

- -  at  Norden  Pits  . 365 

- - -  Fire  .  44 6 

-  section  of  deep  blue  ••  369 

-  various  species  of,  de¬ 
scribed  . 475 

— —  Pipe .  ib. 

-  Petuntze . .  ....  ib. 

-  Slate  . .  339 

- Potter’s- . .  527 

-  —  Common  .  527 

Clarke,  Dr.,  his  description  of 
the  Grotto  of  Anti paros  •  •  562 

Clouds,  formation  of . 195 

- -  their  diversity  of  hues  207 

-■  comparative  height  of  208 

-  impelled  motion  of  •  •  ib. 

— — —  their  uses . 209 

Coal  Mines,  description  of  •  •  442 


Coal  Mines,  origin  of ’•••••  •  458 

Cobalt . - . 527 

Colours,  primitive,  specifica¬ 
tion  of . -  •  ‘218 

- derived  assimilation 

of... . 219 

- - periodical .  222 

- - — —  of  deflected  light  •  •  223 

—  - - of  diffracted  light  224 

- including  Fibres  and 

Corona .  ib. 

. - - of  mixed  plates  -  ♦  *  •  226 

Comets,  phenomena  of .  79 

- —  their  planetary  nature  82 

- -  those  which  have  ap¬ 
peared-  •  •  •  •  . . .  84 

- velocity  and  sizes  of  85 

—  -  power  of  enduring 

heat  in . . . .  86 

Constellations,  of  the  Stars, 

origin  of .  51 

Contunni,  M.,  important 

discovery  by .  149 

Copenhagen,  singular  Shower, 

which  fell  at . 214 

Copper,  its  properties . 525 

Virgin  .  ib. 

- -  Pyrites .  ib. 

-  Mine,  at  Parys 

Mountain  . -  522 

Cornwall,  Copper  and  Tin 

Mines,  notice  of . -  ib. 

Cotopaxi,  Mountain,  descrip¬ 
tion  of . . 502 

Cracow,  remarkable  Salt  Mine 

at . 523 

Creator,  sublime  attributes 

of  the .  10 

Crystals,  their  classes  de¬ 
scribed . 460,  462 

Cumana,  description  of  the 

great  Earthquake  at . 434 

Cumulus,  of  the  formation 

and  changes  of  the .  198 

Cumulostratus,  on  the  forma¬ 
tion  of  the .  203 

Currents,  observations  on--.-  305 


causes  of  particular  307 
creation  of  Whirl¬ 


pools  by .  ib. 

Darwin,  Dr.,  bis  account  of  a 
fountain  of  Fossil  Tar  ••••  450 
Davy, Sir  H.,  bis  errors  in  the 
theory  of  Electricity  ••••  183 

- - - on  the  powers 

of  Galvanic  excitements...  186 
■  - . - — - -on  the  Magnetic 
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phenomena  of  Electricity  187 
Drty,  phenomena  of,  explained  17 
Del  Cane,  Grotto  of,  de¬ 
scribed  * . 570 

Dews,  the  healthy  agency  of  212 
Diamond,  its  composition  de¬ 
scribed  •  . . * . 464 

- - belonging  to  the 

Emperor  of  Russia . 465 

. - to  the  Great 

Mogul  .  ib. 

- . — - - —  to  the  Sultan 

of  Persia*  . .  ib. 


- - the  Pitt  or  Regent  ib. 

- - - to  the  East 

India  Company .  ib. 

-  Mines,  description 

of,  by  Mr.  Mawe  . 479 

Dofrine  Mountain,  description 

of . * .  491 

Dog  Star,  distance  of  the  •  •  •  •  50 

Dolomieu,  M.  his  descriptions 
of  the  muddy  Volcanoes  in 

Sicily . 394 

. - . - of  the  Crater  of 

Volcano . 413 

Donati,  his  account  of  a 

Mountain  fall  •  . . *  •  •  381 

Dortretcht,  terrible  Inunda¬ 
tion  at .  316 

Dorville,  M.,  his  descent  into 

the  Crater  of  Etna . 398 

Downs,  their  formation  de¬ 
scribed  . 323 

Draco  Volans,  phenomena  of  268 
Drought,  severe  one,  experi¬ 
enced  in  the  Sierra  Morena  381 
Ear,  in  Animals,  surprising 


construction  of  the . 149 

— -  leading  distinctions  of 


Earth,  of  the  exterior  relations 

of  the .  11 

- form  of  the .  12 

- - -  motion  of  the  ••••••  19 

— - -adhesion  of  the  ••••  14 

— '  -  ——  its  Distance  from  the 

Sun .  15 

* — - its  diameter .  22 

. - internal  structure  of 

the  •  •  . . .  •  336 

- - its  rotation  and  causes  118 

- * —  annual  revolution  of 

the  .  66 

- - attempts  to  determine 

its  true  figure  . . 122 

— — -  the  same  continued  129 


Earth,  its  motion  round  the 

Sun  •  •  . .  130 

-  atmospheric  proper¬ 
ties  of  the .  144 

—  - analysis  of  the .  ib. 

- = —  strata  of  the . .  •  348 

- - solid  parts  of  the  •  •  •  •  325 

-  evident  changes  in 

the  features  of  the . 559 

_ incessant  action  of  the  560 

Earthquakes, their  phenomena 
explained  •  -  * .  428 

—  - those  of  remote 

times . 7  •  •  •  *  ib* 

- in  Calabria,  ac¬ 
count  of .  429 

_ ..I——  account  of  the 

great,  in  1755  ib. 

- . - -  in  Lisbon  •  •  • «  ib. 

- in  Sicily  and 

the  two  Calabrias  •  •  •  •  •  •  430 

- in  South  Ame¬ 


rica  .  . . 433 

Eclipses,  various .  108 

- - -  Lunar  .  140 

- —  of  the  Earth  . .  ib. 

— — — —  of  the  Sun .  141 

Ecliptic,  obliquity  of  the  •  •  •  •  54 

Echoes,  causes  of .  157 

- —remarkable  local  ••  160 

Ecton  Hill,  valuable  Copper- 
mine,  situate  at . .  522 


Elden-hole,  Peak  of  Derby¬ 


shire,  description  of . 351 

Electricity,  its  Elements  de¬ 
fined  .  J68 


details  and  facts 


respecting  .  ib. 

- - illustrative  expe¬ 
riments  relative  to .  180 

- the  same  made  by 

Professor  Moll  . .  190 

Elliptic  Orbits  of  the  Planets, 

true  cause  of .  75 

Emerald,  its  properties  de¬ 
scribed  .  . .  467 

Equinoxes,  precession  of  the  54 
Eratosthenes,  his  remarks 

on  Marine  Remains . 379 

Erfurt,  damage  by  Light¬ 
ning  at . 185 

Eriometer .  225 

Etna  Mountain,  earliest  re¬ 
cords  of  . 397 


—  supDosed  communication 

of .  393 

—  splendour  of  its  atmo- 

c  c  2 


580 


INDEX 


sphere  •••••• . .  397 

Etna,  climate  and  vast  popu¬ 
lation  upon . . .  398 

— — -  enormous  trees  grow¬ 
ing  upon . .  ib. 

-■■■■  description  of  its  cone  ib. 

- internal  view  of  ......  399 

— —  various  eruptions  of  .  .  ib. 

- visited  by  M.  Gourbillon  ib. 

• - elevation  and  enormous 

apertures  .  402 

-  its  rarefaction  of  air  •  *  403 

- difficulty  of  ascent*..*  ib. 

. .  view  of  its  internal  action  404 

Evaporation,  proportionate  ac¬ 


tion  of . 215 

- — — - -  results  from  194,  307 

Existence,  important  func¬ 
tions  of,  discussed .  40 

Fata  Morgana,  optic  illusion, 


account  of  the  » •  . . 251 

Fatra,  Mountains,  group  of 

the,  described  . . 491 

Feu  St.  Elme,  description  of 

the  Meteor  of . *  266 

Fire,  traces  of  the  earthly  ra¬ 
vages  of . 558 

Fire  Balls,  their  destructive 
effects  ........  185,  265,  266 

Flavours,  their  properties  de¬ 
fined  . 167 

Fogs  .  211 

Forest,  discovery  of  a  Subter¬ 
raneous,  in  Wicklow  ....  555 

Fossil  Remains,  extraneous, 
Observations  upon  ......  535 

. . . . various  spe¬ 
cies  of . * .  536 

— — - - - of  Animals, 

Fishes,  account  of  •  •  540,  551 
— • - - - —  in  Switzer¬ 

land,  Asia,  and  Africa  «...  541 

— — —from  Shells  . •••  ib. 

- . -  impressions 

of  Trees  and  Terms  in  •  •  •  •  543 

■ - — -  of  Animal 

Bones . 544 

- - of  immense 

Oyster  Beds .  ib. 

—■ - of  the  Echi¬ 
nus,  or  Sea  Urchin .  ib. 

- -  of  the  Cri- 

noidea . . . 545 

- -  - of  the  Mega¬ 
therium,  or  Sloth  ........  ib. 

* - —  of  various 

Bones,  Horns,  and  Skulls- *  ib. 


Fossil  Remains  of  the  Irish 

Elk . 545 

- -  -  of  enormous 

Stag’s  Horns . 547 

- - —  of  Elephant’s 

Bones .  ib. 

- -  of  the  Mam¬ 
moth  . . 548 

- of  the  Mas¬ 
todon  . 549 

- — - - of  two  spe¬ 
cies  of  the  Crocodile . .550 

- - —  of  the  Lacer- 

ta  Gigantea  . . 551 

Frame,  masterly  Mechanism 

in  the  Human .  43 

Franklin,  Dr.  his  management 

of  Electricity . . . 263 

Fuller’s  Earth . 528 

Galileo, tmbrilliant  discoveries  13 
— — —  Satellites  of  Jupiter 

discovered  by .  95 

Galvanism,  action  of  its  phe¬ 
nomena  .  168 

- experimentally  il¬ 
lustrated . 171,  187 

- -  1  ■  on  the  phenomena 

of,  by  Sir  H.  Davy  ......  187 

Garnet  .  47 1 

Gas,  Oxygen,  striking  proper¬ 
ties  of . - .  26 

— - —  Hydrogen,  lightness  of  27 

- Azotic,  its  expansibility  29 

. . vitality  and  uni¬ 


versal  potency  of  ••••31, 32, 39 
Gave,  remarkable  Fall  of  the  484 
Gavotty,  M.  his  Experiments 
relative  to  Electricity  •  •  •  •  192 
Gems  described . 469 


- Ruby .  ib. 

- - -  Sapphire  .  ib. 

— - - -  Asterias,  or  Star  Stone  ib. 

- Topaz  .  470 

* - Amethyst  ......  ...  ib. 

- Chrysolite . .  ib. 

- - Peridot . 471 

- Garnet . ib. 

- - Gemmoids . .  ib. 

■ . .  Corundrum  . .  *  472 

— — — —  Sommite  ...........  ib. 

- Ceylonite . ’ .  ib. 

- Granatite .  ib. 

- Andreolite .  ib. 

Geological  Changes,  explana¬ 
tion  of  their  cause  .  373 

- - - — - —  antici¬ 


pations  of  forthcoming* »» *  377 
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Geological  Changes,  general 

Remarks  upon . 561 

- - - —  Chaptal, 

Count,  details  by,  relating 

to  . . ...383 

Geysers,  or  Boiling  Fountains, 

description  of  the .  415 

Giants’ Causeway  in  Ireland, 

description  of  the . 529 

Glaciers,  commencement  of 

the  . . .  485 

Globe,  Divisions  of  the  ••••  336 
Gneiss, qualities  described  335,  513 

Gold,  native  form  of . 524 

Gourbillon,  M.  his  interesting 

visit  to  Etna .  399 

Granite  .  513 

Greywacke . * .  338 

Grobogan,  in  Java,  its  mud 

eruptions  described  .  410 

Grottoes,  account  of  several 

curious  i  *  •  * .  569 

Guaeharo,  the  greatCavern  of, 
described  «...  * . 565 

Guanaxuato,  Mines,  rich  gold 

and  silver,  at . - .  51  o 

Halos,  on  the  Colours  of  ♦  •  •  •  220 
Hail,  its  causes  and  perni¬ 
cious  effects .  213 

Haliev,  Dr.,  his  observations 

on  Rainbows .  246 

Hamilton,  Dr.  luminous  Phe¬ 
nomenon  observed  by  ....  238 
- - Sir  William,  his  de¬ 
scription  of  the  cone  of  Etna  398 

_ of  the  awful  Erup¬ 
tion  of  Vesuvius  . .  405 

- - his  Observations  on 

Volcanic  Lava . ; - 420 

Hands,  Human,  sensibility  of 

structure  in . *’*  ^2 

Harding,  M.  his'  astronomical 

discovery  .  93 

Headen  Hill,  Strata  of . 3ol 

Heat,  development  of  the 

vital  energy  of .  27 

-  Radiation  of . H3 

Hemus,  chain  of  Mountains 

described  . *  490 

Herschel,  Dr.  discoveries  and 

opinions  of  .  34 

_ _ . —  on  Solar  Spots*  •  70 

. _ . —  on  the  Satellites 

of  Jupiter .  ib* 

_ _ his  Discovery  of 

the  Plauet  so  named'  •••••  99 


Himmalaya  Mountains,  their 
constructive  grandeur  de¬ 
scribed  . .  •  • *  496 

Holland,  fatal  inundation  in  316 
-  —  increase  of  land  in*  •  323 

Hornblende  . 528 

Hornstones . 478 

Humboldt,  M.  his  description 
oftheEarthquakeatCumana  434 

_ _ his  Remarks 

upon  the  Andes*  . . 501 

. - Observations  by, 

on  the  Peak  of  Teneriffe  •  •  506 
Hungary,  Gold  mines  de¬ 
scribed,  in . 517 

Hurricanes,  description  of  •  •  273 

_ . _ Account  of  a  great 

one  in  Great  Britain . 274 

_  ■■■  -  in  Madras  Roads  ib. 

.  — — —  in  Barbadoes*  *  *  *  ib. 

- -at  St.  Lucia  «...  276 

Hyacinth  . 467 

Hydrogen  gas,  its  properties  27 
Ice,  Phenomena  produced  by  294 

.  formation  of . •  295 

- danger  from  the  motion 

of  large  masses  of .  317 

Iceland,  immense  Sulphur 
Mountain  in,  described  ••  414 
Ignis  Fatuus,  account  of  •  •  •  •  267 
_ _ _  dangerous  oc¬ 
currence  of  an,  at  Harlech  ib. 

_ Fatui,  several  seen  near 

Birmingham  .  268 

- Lambus,  described  •  •  *  *  268 

Indian  Ocean . 290 

Iridium . 524 

Iron*  . . 525 

Islands,  formation  of  new,  by 
action  of  Volcanic  matter**  396 
Jamaica,  dreadful  Earthquake 

at . 433 

Jameson,  Prof.,  on  the  forma¬ 
tion  of,  and  varieties  of 

Mountains .  482 

Jasper . 478 

Java,  extraordinary  destruc¬ 
tive  Phenomena  at . 207 

— _  dreadful  Volcanic  Erup¬ 
tion  in .  409 

-  remarkable  Mud  Erup¬ 
tions  at  Grobogan,  in  ..*•  410 
__ _  Volcanic  features  of,  de¬ 
scribed  . 411 

_ primary  Mountains  of, 

delineated  . .  ib. 
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Java,  Conclusions  on  the  same  412 

- former  unison  of,  and 

date  of  separation .  ib. 

Juno,  the  Planet .  93 

J upiter,  magnitude,  brilliancy 
and  revolutions  of . 129 


■ - its  Satellites  andMoons  130 

Kamtschatka  mountains,  ac¬ 
count  of  the  . 493 

Krisukif,  or  Sulphur  Mountain 


described  . * .  414 

Kentucky,  great  Cavern,  de¬ 
scription  of . 566 

Kirkdale  Cave,  organic  re¬ 
mains  discovered  in . .  552 

Krapack  Mountain  described  491 

Lakes,  observations  on . 310 

- -  account  of  devastations 

in  several  . 311 

- their  depositions  of  mat¬ 
ter  . 328 

-  —  further  discussed  •  •  •  •  324 

Land,  increase  of  in  various 

parts  . 322 

- records  of  great  fluctua¬ 
tions  in  .  379 

Lands, alluvial  specification  of  345 

- secondary . 346 

Lapland,  contractions  of  the 

sea  round  .  323 

La  Place,  his  remarks  on  the 

Ellipse  curve .  ib. 

■ '  ■  ■  Count,  on  the  trans¬ 
mission  of  sound  .  153 

Lava,  analyzation  of  the  com¬ 
position  of .  421 

Lazare,  De  St.  M-,  his  theory 

on  Earthquakes . 438 

Lead  . 526 

Light,  velocity  of  the  rays  of  38 
— —  probable  derivation  of  114 
—  refraction  of  .  115 


- deflected,  colours  of  •  •  223 

- diffracted,  colours  of  •  •  224 

~  of  the  fibres,  and  coro- 

nse  of . . 

- laws  of  the  polariza¬ 


tion  of . .  228 

... — —  polar,  properties  of*  •  •  •  230 
Lightning,  instances  of  its  ef¬ 
fects  uear  Brussels  ......  186 

-  — - at  Great  Malvern  ib. 

—  . . —  damage  done  by  264 

Limestone,  varieties  of 329,335, 37 1 

. . —  —  Mountain  . 370 

. .  . -  Metals  ia  . . 514 


Lipari,  its  remarkable  vestiges  413 
Lister,  Dr.  his  opinion  upon 

Earthquakes .  436 

Loadstone .  514 

- natural  .  526 

London,  Wells  in .  353 

Lunar  Bows,  appearance  of  at 

Edinburgh . * . 247 

. . . at  Greta  Bridge  ib. 

- - - near  Chesterfield  ib. 

- - -  seen  by  Mr.  Tun- 

stall  .  ib. 

-  seen  near  Stoke 

Newington . 249 

Macalouba,  or  Muddy  Volcano  394 
Mackenzie,  Sir  George,  his  de¬ 
scription  of  the  hot  springs  in 

Iceland  . 415 

- - his  deductions  there¬ 
from  . 417 

Maestricht,  Stone  Quarry  of, 

described  . 487 

Magnesia,  native . 528 

Magnetism,  inquiry  into  the 

subtle  powers  of  .  ]90 

Mammoth,  complete  speci¬ 
men  of  a,  discovered . 548 

Man,  intellectual  superioiity 

in*  . . 42 

Manganese .  526 

Marble,  elastic,  a  specimen  of 

desciibed  .  531 

Mare’s  tails,  Phenomenon  so 

called .  206 

Mars,  the  Planet  of' .  124 

Mastodon,  of  the  Ohio,  re- 


Matter,  organized,  primary 

compounds  of  .  46 

-  Secondary  compounds 

of . ;• .  ib. 

Mawe,  Mr.  his  description  of 
the  Brazilian  diamond  mines  479 
- his  classification  of  me¬ 
tals  . 524 

Mediterranean  Sea,  its  limits  287 

Mercury,  planet  of  . .  89 

- - tnetal  .  525 

Mere,  Whittlesea,  drainage  of  25 
Metals,  native,  substances  of,  513 

—  »  in  Granite .  ib. 

-  in  Gneiss . jb„ 

-  ■  ■  -  in  Mica  Slate  ......  514 

-  in  Clay  Slate .  ib. 

■■  1  1  —  in  Primitive  Loadstone  ib. 

*  in  Serpentine  ......  ib„ 
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Metals,  in  Quartz  Rock  •  •  •  514 


- - —  in  Sienitic  Porphyry  ib. 

- — —  in  Mountain  Limestone  ib. 

— — —  Principal . •  •  524 

■  -  Platina  . ib. 

■  - -  Palladium  .  ib. 

-  Iridium  .  ib. 

-  Gold .  ib. 

-  Silver  .  ib. 

- - -  Mercury  •*••••••“  525 

- -  Copper .  ib. 

-  Native  or  virgin  Cop¬ 
per  .  ib. 

-  Copper  Pyrites .  ib. 

—  - -  Ivon .  ib. 

—  "■  ■  ■  ■■«  Natural  Loadstone  526 

- - -  Manganese .  ib. 

■  ■  Lead  - . ■»-«  ib. 

-  Zinc .  ib. 

- -  Tin  •••  * .  ib. 

- - -  Oxide  of  Tin  .  ib. 

—  -  —  Bismuth  .  ib. 

■  — —  Tellurium  .  ib. 

-  Antimony .  527 

—  -  Cobalt . ib. 

—  ■  Arsenic . «•••  ib. 

-  Tungsten .  ib. 

-  Chrome .  ib. 

- ■  ■■-  reduction  of  . 532 

.  ■ . .  annual  returns^  of  Bri-  534 

tish . . . 534 

Meteors,  account  of  one  seen 

in  Italy  •  . .  253 

- at  Leipsic  and  vari¬ 
ous  places  .  ib. 

- the  great  blazing, 

seen  in  England .  254 

- one  seen  in  France 

and  Flanders  . .  256 

Mexico,  Mines  of .  505 

Mica  .  528 

Microscope,  grand  assisting 

powers  of  the .  43 

Middleton,  Mr.,  his  arrange¬ 
ment  of  British  Strata .  363 

Milky  Way,  amazing  con¬ 
struction  of  the  .  34 

Minerals,  their  various  pro¬ 
trusions  .  330 

—  -  —  -  varieties  of  .  528 

—  -  —  Common  Clay  •  ib. 

■  .  Clay  Slate  . •  ib. 

- Drawing  Slate  •  •  •  •  ib. 

-  Soap  Stone  Family  528 

-  Talc  Family  •  •  •  •  ib. 

- -  Serpentine  .  ib. 

■  — . .  Asbestos  ( .  ib 


Minerals,  Hornblende . 528 

- - —  Crysolite .  ib. 

—  -  Basalt  .  529 

- Limestone  . 531 

-  Marbles  .  531 

-  Fluor . .  532 

- -  Gypsum  .  ib. 

-  Inflammable  Varie¬ 
ties  of . ib. 

- - Sulphur . ib, 

- - Bitumen .  ib. 

■  ■  Coal  ib, 

. - Plumbago  .  ib. 

- Resin .  ib. 

- —  Honey  Stone  •  •  •  •  ib. 

- Fossil  Copal  .  ib. 

Mineral  Waters,  description  of  534 

Mines,  description  of  . 510 

-  Quicksilver  . . 5l5 

- —  Copper . ib. 

-  Gold  and  Silver  ••••  516 
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